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POWER SWITCHINC 
TRANSISTORS 


NEW P-N-P germanium powml 
switching transistors guarantee 5.5 V 
dissipation at 25°C with voltage rat 
ings of 40, 60, 80, and 100 volts fo: 
optimum design flexibility. The fune 
tional design of the heat sink assure: 
i. rapid installation requiring only ons 
(ACTUAL SIZE) mounting hole through the chassis 
You get guaranteed 20-to-60 beta spread and a low 0.1£ 
ohm saturation resistance at the 3A maximum collecto: 
rating. In addition, a maximum 125 A collector reverse 
current is guaranteed at one-half rated breakdown volt 
tage with TI 2N1042, 2N1043, 2N1044, and 2N104 
alloy junction transistors. 


These new devices are well suited for your switching 
circuits...relay drivers...audio and pulse amplifiers 


MEDIUM™M POW E F 
SWITCHING TRANSISTORS 


NEW P-N-P germanium mediun 
power transistors give you switching 
times as low as 1.1 psec. TI 2N1032 
2N10389, 2N1040, and 2N1041 alloy 
junction transistors provide 800 mW 
dissipation in free air at 25°C, 450 mW 
at 55°C... with voltage ratings of 40, 60, 80, and 100 volts 


In addition, guaranteed 20-to-60 beta spread and lov 
0.2 ohm saturation resistance assure reliable perform 
ance for your high speed switching circuits... rela: 
drivers ...low power audio and pulse amplifiers. 


(ACTUAL SIZE) 


RMANIUM POWER TRANSISTORS! 


TYPICAL SWITCHING CHARACTERISTICS | 
NEW HIGHEST FREQUENCY | 
COMPUTER POWER TRANSISTOR | 


(ACTUAL SIZE) 


: wigs dl steele NEW TI 2N1046 combines high power, high fre- 


Me Ta Daly Fee Pe quency and high voltage performance in a single 
4 T, Rise Time 0.7 «sec transistor package! This P-N-P diffused base germa- 
ts T ciroge Tine 1.2 eet nium transistor has guaranteed dissipation to 15 
- ee watts and collector breakdown voltage to 80 volts 
: Ty fey time a fed with 12 mc typical alpha cutoff. Extremely low col- 
- lector reverse current averaging 0.2 ma at 40 volts 
2 s and a low 0.75 ohm saturation resistance assure reli- 
F oP eek oy del able operating characteristics. 


Designed for your deflection circuits and computer | 
core driving applications, the 2N1046 has a typical | 
10mc internal cutoff frequency, fy (point at which 
forward current transfer ratio equals unity). | 


| % TEST CURRENTS 


NEW HIGHEST VOLTAGE 
Ig) (Tum-on Current) = — 30mA TRANSISTORS 


: Igo (Turn-off Current) = + 30mA 


Ie (Collector Current) = -14 


TYPICAL 20 WATT AMPLIFIER 
POWER GAIN = 23 db 


(ACTUAL SIZE) 


2% 
NEW TI2N1021 and 2N1022 germanium transistors, 
with maximum operating voltages of 100 V and 120 V 
versesmtalenns Crovs-Over Distortion the Coll respectively, provide typical betas of 70 at 1A... 
Should be Bifilor Wound. 23 at 5A ! 


You get guaranteed 700 »A maximum collector re- 
verse current at one-half rated voltage and 2mA 
maximum at full rated voltage in addition to ex- 
tremely low saturation resistance ...0.08 ohm Reg. 


For your audio, servo and power applications, con- 
* HEAT SINK sider these outstanding performance characteristics 
and specify TI germanium transistors. 


THE SHELF IN 1-99 QUANTITIES FROM YOUR NEARBY TI DISTRIBUTOR 


VSTRUM ENTS EOC AS SINGS ate Ry) Mies Nis ee SA Ls St Ona ire ali es teas 
DALLAS . NEW YORK © CHICAGO ° LOS ANGELES 


CORPORATE D DAYTON : DENVER . DETROIT 
LONDUCTOR — COMPONENTS DIVISION OTTAWA . PHILADELPHIA : SAN DIEGO e SAN FRANCISCO 
> N. CENTRAL EXPRESSWAY SYRACUSE WALTHAM © WASHINGTON, D. C. 


OX 312 ¢ DALLAS, TEXAS 
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apacit r ahd inductor when one will do? The new 
mbines a variable inductor and capacitor in one com- 
ce-conscious design engineers this means more circuit 

reli é faster assembly, 


_ - “Rugged ee a affords unusually _ stability 
under conditions of severe shock and bration. 


assures a low feianeranie coefficient 
and operation without derating over a wide range of extreme environ- 
mental condition 


3 Sensitive j tment with anti-backlash design for smooth and posi- 


. Flexibility in | lesign to suit circuit requirements. The inurnber of turns, 
ypes of windings, size and type of capacitor plates, Q and other parameters 
can be designed to suit individual circuit requirements. Performance character-  __ 

istics can also be varied by using other core materials, such as, brass or es 

by h fhe n grounded or r ungrounde d and by er 


Panel and Printed Circuit Mounting Types Standard LC Tuners Now Available 


Self Resonating Length 
Model Frequency Range Above Panel Diameter 


LC303 450-700 MC eeo5 5/16" 
LC304 300-500 MC 845 5/16" 
LC306 200-450 MC 1.104 5/16" 
LC309 125-200 MC 1.691 5/16" 


: y PHONE DEWEY 1-1000 
Pioneers in electronics since 1929 


J, ELECTRONICS CORPORATION 


JFD Canada Ltd. “=> 1462 62nd Street, Brooklyn, New York | 
51 McCormack St. JFD International | 
Toronto, Ontario, Canada 15 Moore Street | 


New York, New York : 
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The E-Pak System consists of an all-epoxy 


New ail-epoxy Gaepberppemmmstacn 9 
® help aca arrgberpicl alg 

PAK" system |" 

drastically cuts as 

encapsulation costs! 


Assembly Time and 
Reject Rate Greatly Reduced 


After the component 
is soldered to the 
epoxy header, a 
premetered pellet is 
dropped into the 
cured epoxy shell. The 
cover and component 


are then inserted into 
Soldering of leads the shell. 


is quick, simple, safe— 

never a cracked glass or 

broken seal because it’s all epoxy. And 
with rugged epoxy covers, your lead 
wires can be made of any metal. 

No coefficient-of-expansion problem. 


The entire package 


is then heated; the 
pellet automatically 
melts and cures, 
embedding the 
component and 
sealing the cover. 
In cases where 
encapsulation is 
desired without 
embedment, a self- 
sealing epoxy cover 
is available. 


You now have a solid, 
chemically-inert seal 
from within; there is 
no solder, no flux, no 
acid to endanger 
component reliability. 
Your component is 
hermetically sealed 
and embedded in 
cured epoxy forever. 


Write today for complete information and samples. 


E POXY PRODUCTS, INC. 


A Division of Joseph Waldman & Sons 
137 Coit Street, Irvington, New Jersey ESsex 5-6000 
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ONLY GL) OFFERS BOTH 


SILICON TRANSISTORS 


Specify RAYTHEON and get these 


ml 


significant advantages: 
Higher, more constant beta 


Lower saturation voltage 


PNP-NPR 


for COMPLEMENTARY CIRCUITS 


because characteristics are so similar as to permit mt | | Made by the Raytheon reliable fusion 
full and confident use Ages alloy process which assures more constant 
characteristics over the entire tempera- 


| ture range 


Low noise type available in both PNP 
ne NPN 


FOR LARGE SIGNAL APPLICATIONS 
Temperature Range —65°C to +160°C 


Igo or Ico Noise 
at Ves = 20 Vde } : = Figure 


rr max. pA i db (max.) 
2N327A 
2N328A 


2N329A 
2N330A 


2N619 
2N620 
2N621 
2N622 


tfor PNP, Is = —0.1mMA; Vcr = —0.5V; for NPN, Ig = 0.5MA; Ver = 1.5V 


FOR SMALL SIGNAL APPLICATIONS 
Temperature Range —65°C to +160°C 


Teo or Tco 
at Vcp = 20 Vdc 


2N1034 
2N1035 
2N1036 
2N1037 


2N1074 
2N1075 
2N1076 
2N1077 


"Vc = 5V; Iz = 3mA 


)S EMICONDUCTOR DIVISION | NEW York:..........00., 589 Fifth Ave., PLaza 9-3900 


Needham Heights, Massachusetts | CHICAGO: 9501 Grand Ave., Franklin Park, NAtional 5-4000 


SILICON AND, GERMANIUM DIODES AND TRANSISTORS * SILICON RECTIFIERS LOS ANGELES: 5236 Santa Monica Blvd., NOrmandy 5-4221 
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Front Cover 
The photograph shown represents definite progress in a problem 
WEST COAST area of the semiconductor industry—mechanization. It is effectively 
Ted E. Schell a “merry-go-round,” designed and built at Texas Instruments Inc., 
7 : which speeds the production of grown junction germanium tran- 
2700 West 3rd Street, sistors. The operator at rear loads an unformed header into the 


Los Angeles 57, Calif. carriers on the wheel. The machine then trims the internal leads of 
DUnkirk 2-4889 the header and bends them to accept the transistor bar. Paste 

solder is mechanically applied just before the header reaches the 
Charles W. Hoefer, second operator, who places the transistor bar onto the solder. The 
1664 Emerson Street, transistor is moved into a hot furnace which hardens the solder. 
Palo Alto, Calif The holders then move the transistors through an etch, a wash 


and into a drying oven. As they move out of the oven, they are 


DAvenport 4-266] ejected before the first operator. 
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OWER 
ANSISTORS 


Features 


Faster Switching Times 0.5-5 w Sec 
Switching Currents up to 10 amperes 
Flatter Frequency Response 40 Ke 
Higher Breakdown Voltage up to 120 Volts 
Current Gain of 40 at 5 amperes 
Standard Power Transistor Package 
Lower Base Resistance, 2 ohms 
Lower Saturation Resistance, 0.1 ohm 


Uses 


TV Horizontal Output 
Hi-Fi Amplifiers 
Core Drivers 
High Current Switching 
Power Converters 
Ultrasonic Generators 
Modulators 


Because no other transistor offers this combina- 
tion of features and uses, you will want to try 
out the DAP transistor in your circuits. Get full 
details now on new Bendix diffused alloy power 
transistors by writing SEMICONDUCTOR PRODUCTS, 


BENDIX AVIATION CORPORATION, LONG BRANCH, 
NEW JERSEY. 


Ratings Typical Performance 


Pc B Vs 
Vde | (25°C) || (lc=5 Adc) |(lc=5 Adc) fa 
2N1073 40 | 35W 40 0.5 Vdc 1.5 mc 


2N1073A 80 | 35W 40 0.5 Vde 1.5 me 
2N1073B || 120 | 35W 40 0.5 Vde 1.5 mc 


West Coast Office: 117 E. Providencia Ave., Burbank, Calif. 


Canadian Distributor: 
Computing Devices of Canada, Ltd., P. O. Box 508, Ottawa 4, Ontario 


Export Sales and Service: 


Bendix International Division, 205 E. 42nd St., New York 17, N. Y. 


AVIATION CORPORATION 


i 
f 


| Higher quality silicon can improve your semiconductor 
device yields. Trancoa offers this higher quality at no 
‘increase in price! 

Grade for grade, the superior quality of Trancoa Silicon 
jis assured by our unique process and exacting specifica- 
itions. In addition to the standard tests for resistivity, 
jlifetime and base boron level — every lot of Trancoa 
Silicon must also meet two other important requirements: 


Cleanliness — the vital factor directly affecting your 
‘erystal yield! Trancoa specifications require that a doped 
‘single crystal be drawn with only three-sixteenths of an 
‘inch clearance between crystal and crucible. Any fuming, 
dross, or wetting of the quartz is cause for internal 
‘rejection. 
| Resistivity Ratio — resistivity uniformity of doped 
‘erystals is improved perpendicular and parallel to the 
growing axis. Furthermore, the occurrence of P-N junc- 

tions is eliminated. Ratio of the resistivities at the 10% 
and 60% points on the test crystal may not exceed 3:1. 


For further information circle No. 8 on Reader Service Card 


== SILICON. 


Increased 
—_—Cséyleais! 


This combination of a new improved process plus added 
quality standards assures you of receiving better silicon, 
thus better yields, at no increase in cost. 


PRODUCT SPECIFICATIONS 


Max. Resistivity 
Resistivity Ratio for 10% | Max. Boron 
P-Type N-Type & 60% Points | Content (ppb) 


500 250 


Grade | 


For complete information write for brochure, Trancoa 
Methods for Evaluating Silicon, Traneoa Chemical 
Corporation, Dept. E-1, 312-326 Ash Street, Reading, 
Massachusetts. 


THE BEST 
GLASS 
DIODES 
MADE...: 


ON KAHLE 
MACHINES 


7] 


ARE MADE 


| 


| ) Kahle automatic final seal machines | 
| ... pre-tested under actual operating 


ne conditions prior to shipment ... seal 

up to 1500 glass diodes per hour 

oy without an operator. Loading, unloading 

> = i and pulse forming are all automatic. 
ie Designed to establish new standards of _ 

, ea: i efficiency and economy in your opera- 

nice de tion, this machine is just one example 

for the production of semiconductors. 
ENGINEERING COMPANY 
GENERAL OFFICES: 

3314 Hudson Avenue, Union City, New Jersey | 


of the full line of fine Kahle equipment 
For detailed information, write to: 


KAHLE 


LEADING DESIGNERS AND | 
BUILDERS OF MACHINERY FOR | 
THE ELECTRONIC INDUSTRY 
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ditorial ... 


pecial Announcement 


Beginning with the February, 1959 issue a new 
eader service facility will be made available to read- 
rs and advertisers. 


arametric Devices 


In the past two years parametric devices have re- 
eived great attention for application to high fre- 
uency, low noise amplifiers. The principle of opera- 
ion is based on the fact that, if a periodic signal of 
requency f is fed to a resonant circuit, power amplifi- 
ation may be obtained by varying periodically one of 
he reactances of the circuit at frequency 2f. In order 
at stable and noise-free amplification may be ob- 
ained, it is necessary that suitable means of uni- 
teralization be introduced in the device. Various 
chemes have been developed in leading U.S. labora- 
ries. 

An additional simple application of the parametric 
rinciple has been made recently in Japan in connec- 
ion with switching circuits. It is found that for a 
ed excitation frequency (2f), the phase of the f- 
ignal can acquire one of two stable values, differing 
y x. Hence, with reference to such phase, the para- 
etric device constitutes a bistable element and may 


. Articles and nomographs published in Semiconductor 
products between April 1959 and March 1960 inclusive 
will be considered eligible for the awards. It is therefore 
advisable to submit manuscripts as soon as possible. 


, Mail manuscripts to Semiconductor Products Magazine, 
300 W. 43rd St., New York 36, N.Y. Attention: S. L. 
Marshall, Editor. 


Prizes will be 1) an engraved gold medal and $500.00 
for the most outstanding Semiconductor Circuit Design 
Article, and 2) an engraved gold medal and $500.00 for 
the most outstanding Nomograph relating to Semiconduc- 
tor Circuit Design. 


|. Manuscripts are limited to 3,000 words or less, exclusive 
of illustrations and diagrams. Manuscripts should be typed 


With deep regret we advise our read- 
ers that Mrs. Carolyn Binderman, As- 


sistant Circulation Manager, passed 
away December 4th after a long illness. 


be used to build computing blocks for the funda- 
mental operations of “and,” “or” and “not.” The device 
(called “parametron” by its inventor E. Goto) utilizes 
a couple of ferrite cores with two series windings for 
the excitation frequency and two counter-series wind- 
ings for the f-signal circuit. The latter circuit is com- 
pleted with a resonating capacitor. Because of the 
signal appears in the resonant circuit. The excitation 
balance obtained, no component of the excitation 
circuit is fed with a current containing a d-c com- 
ponent as well as a component at frequency 2f. When 
a signal at frequency f is fed into the resonant circuit, 
this becomes synchronized on one or the other of the 
phases. Building blocks are obtained feeding three of 
such devices into a fourth one. If one of the three 
devices is kept at fixed operating phase, and the other 
two accept two separate signals, the phase of the re- 
sulting oscillation in the fourth device may be con- 
trolled to provide digital operations of “and,” “or” or 
“not.” Although in the present realization no active 
devices are utilized, it is entirely possible that applica- 
tions of the same principle to semiconductor devices 
would provide faster and improved operation. 


SEASON’S. GREETINGS! 


Samuel L. Marshall 
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SEMICONDUCTOR CIRCUIT DESIGN 
AWARDS RULES 


double-spaced, and submitted in duplicate. Illustrations 
and diagrams need not be inked or ruled; however they 
must be neatly prepared and legible. 


5. Judges’ decision shall be final, and authors agree to 


accept these decisions as a condition of entry. Semi- 
conductor Products reserves the right to correct typo- 
graphical errors that may appear inadvertently in the 
manuscript. 


6. Authors of all published material will be remunerated in 


accordance with our regular rates. Material found un- 
acceptable will be returned to the authors. 


7. Employees of Cowan Publishing Corp. and affiliated com- 


panies, and members of their immediate families are not 
eligible for these awards. 


CUMULATIVE INDEX-1958 


; 5 e i = Issue Page 
Marketing and Production Trends in the Semicon 
INDEX OF ARTICLES ductor Industry: Jan./Feb 43 
Pant ors ; : ° 
Article and Author Issue Page Part ae Buy antes 3 
Part SRE LO Rs Sy, ot oe te accuser eels ole] Sealer envee 
70 MC Silicon Transistor ............eeeeeeeeereee Mar./Apr. 14 Henry E. Marrows : ; 
Chas. Earhart & Wm. Brower On. Micro terned Metals for Semiconductors .....--- Mar./Apr. 66 
A pos Alloy Transistor for High Temperature Fane 37 fpf Ss. es it May/June 39 
ISTACLONIC ctenrereieie aetna wie Milan stelstlere eustarm cia olarietsatay ehapenekere uly/Aug. On Tantalum Capacitors ..---seeerrerreerecreres Pia 
Bernard Reich Sam Kass : 
A eee ounce hy, Measuring Technique .......-. Nov./Dec. 28 Optimum Noise Performance of Transistor Input Tal Age 14 
arl D. Todd Cure LE ES aren oe eine ob eiciteee aco onion sl rade ten eetee tee 
A Transistorized Radio Direction Finder ..........-- Sept./Oct. 36 R. D. Middlebrook _ ard - 
Howard Gronemeier Processing and Purification of Silicon for Semicon- a i" 
A Transistorized Television Receiver ..........+-+++: Nov./Dec. 23 AUCtOT. WSS rere tae ele elias ofoin/slnis siete leco/sial gin in ohalece seuss shale Nov./Dec. 3 
Roger R. Webster David K. Hartman 
All ‘Transistor Portable ‘Television ....0.<...++ess++- Mar./Apr. 21 Semiconductor Diode Test Methods ....-----+++++++ Mar./Apr. 26 
Douglas W. Taylor W. B. Mitchell & J. Gillette A F 
An Empirical Study of the Degradation of Alloy Some Useful Techniques for Transistor Power Gain 
Transistor Characteristics With Operating Tem- Measurements .......ee-eseeesceees a apehecstare Satetate May/June 28 
perature : = Nov./Dec 31 Jacob S. Brown 
GDR AREADO OA GEOG Sich A he akesilsisradia ein OVS : : 
Bernard Reich Ten Megapulse ‘Transistorized Pulse Circuits for 
Base Current Feedback and the Feedback Compound Computer Application ........- Vaytiain ole: ditveretetetaiedetaa July./Aug. 26 
EDLEATISISLOV Pa Seiten crcate enero eee Osi no aiais Wtaetate eats Sept./Oct. Lz W.N. Carroll & R. A. Cooper 
Dr. Frank S. Boxall The Effect of Base Resistivity on Power Transistor : 
Design Considerations for Transistor Reflex Re- PerfOrmMAaNce fh .:3 sodas :s wiojaleleveio'o sials)sielnvelelsta¥elet nia ieteteiel sts Mar./Apr. 23 
CGIVENSH nos ten ee GES sOO HODES Hb On GAROD DHODUGOODIUD May/June 35 Bernard Reich 
Roger V. Fournier The Spacistor—A New High-Frequency Semiconduc- 
Design Criteria for Transistor Prosthetic Devices ....May/June 32 tor Amplifier . sais 2's oe «lstbie «ioielele)«\els"elelsisistnie' = misneraials Jan./Feb. 34 
i pee E. Lipsky . Dr. Robert Pucel, Conrad Lanza & Dr. Hermann Statz 
iode Protection of Power Transistors From Tem- Transistor Bilateral Switches: 
porate MG ae i and Voltage Surges .......... Jan./Feb. 21 Party. Dect s ou cle 5 nlereietal atta eran ove,olelace wie oletoLaels ister rsigtaneyers July/Aug. 31 
Mg Utd Part TI sass ois rao bene oe elelelovay stolen a) hate taVaie laa salts triode! Sept./Oct. 
Dot Material for Alloy Junction Type Semicon- Wm. L. Cook & P. L. Bargellini ws 7 
QUGLORS MER raanionson cin a selenide Bioleie prerseares arasers sisisisinieltts Mar/Apr. 41 Transistor Heat Sinks and Their Evaluation ........Jan./Feb. 31 
Fredrick C. Disque, Jr. C. D. Simmons 
Reece oe inwPAN LIUnetlons: oo <sscsoeeae Mar./Apr. 33 Transistor Physics .......+esseeeeeeec see ee ers esaees Jan./Feb. 13 
Flew. ee eeiee of Transistor Circuits .......... Jan./Feb. 33 transistor Servo Amplifier Output Stages .......... May/June 24 
a aitlan Gane A ni 
erent Switching Applications of ew ene Trisistor—An Ailoved Junction Trigger Transistor ..July/Aug. 21 
ee W. F. Palmer, & C. M. Chang." UE mh 8 Ultrasonic rere) Tedicee Dioae Failure a San Mar./Apr. 58 
a = et ay Time and Its Prediction ........ May/June 14 _ Michael C. Tamas 
Tvodice eatin te enemy pide. =. ee een - bea cap ates tec Test {SOC a ovcaiere.ctetalerstn hooters Sept./Oct. 25° 
Wale s se acc, & Dr. Jas. F. Gibbons Variation of Transistor Parameters with Tempera- . 
Using the Satellite RF Transistors .....Nov./Dec 17 ture J . 
W./C. Pilkington, EA. Temple & HG. Wale AEE Oe eas wea Cae ee an./Feb. 25 | 
Author and Article Issue Page : 
INDEX OF AUTHORS Issue Page LIPSKY, STEPHEN E. = 
esign Criteria for Transist PB i - 
BARGELLINI, DR. P. L. VACES= Ls sass clears ae = ae ‘ Pe ey Tune 32 | 
Transistor Bilateral Switches MATHROWS, Sane Bs; 
Part eye ee iis Muah Y July Marketing and Production Trends in the Semi- 
TA nie, Spee, Se tea om ioe Oa oe ces uly/Aug. 31 conductor Industry 
BOXAMEADR IMRAN S6hiil oe te as Sept./Oct. 28 Part,.D ks cs PbS Shane ee eee Jan./Feb 43 | 
Base Current Feedback and the Recdpackacnie Part? Tein tnction Oe ieee eee . eee eee +Mar./Apr. 37 | 
pound’Transistor -. Bh Part TID fs sanhriccoe cece one ee July/Aug. 39! 
BROWN, JACOB Re epee een te anccags terion ept./Oct. 17 MIDDLEBROOK, RD: . 
ome Useful Techni P ptimum Noise Perf i : 
Gain Mesoitermemtere OF Transistor Power Circuits hee 52 + Mee shee eee mers ly/A 
BROWER, PE CINE) a se tance es Sh Solel May dune 28 MITCHELL WWAEGR Saas uly/Aug. 14! 
Sili icor iode 
CARROLL, su cee eEYADSISLOL ee, ath tia ea Mar./Apr. 14 Pp Peete oe: Test Methods ..........00% Mar./Apr. 26 
Ten Megapulse Transistorized Pulse Circuits f Trisistor—An Alloyed Junction Trigger T x 
Computer Application a sistor : e 
CHANG. Cee ee ee 2 es oye 2 sels July /Aug. 26 A er oo oe 3 [e:a's/aisisivimsaieis oteiersteie aleleeters the eiarcteen SENS July/Aug. 23° 
erent. Beenie Applications of Low- High CON ene Switching Applications of Low- 
CHYNOWETH, aS re ae ee rs tea ea ate, May/June 19 anne aa suv Se aYelaiateeie ons ie ans teva ect oe May/June 19 
ectrical B ; : i vd. Wein 
cook, Tie in P-N Junctions ........ Mar./April 33 SU ee Pome the Satellite RF Transistors ..Nov./Dec. 17} 
ransistor B i : ci 
Part r. is aeietal Switches, The Spacistor—A New High-Frequency Semicon- 
cooreatt ST ences ear se Bac ya saa July/Aug. 31 Rich Se © s Sivan 2 bs DERN one wc eee Jan./Feb 342 
HORS IRA ae aa ee ee eee st canteen oreo hi eie ept./Oct. 28 y : ¢ | 
Rem 7 a aneistorized Pulse Circuits for ® perature Operation ReERE tA AIS pe ly/A ri 
DISQUE, FREDRICK ie Bah ee ae July/Aug. 26 on Empirical Study of the Degradation of Alloy Waa i 
ot Material for Alloy Junction T : ransistor Characteristics With Operating Tem- | 
ductors ...... on Type Semicon- POFATULE Ran eccia Saat mialers ree in Coa ee Nov./Dec 311 
BARHANT: CHARTERS Gh pn ieee Mar./Apr. 41 The Effect of Base Resistivity on Power Tran- : ; 
70 MC Silicon Transist sistors Performance. 4: a. cin ee eee Mar./April 238 
ESHELMAN, CR. SLOW Beat ota sxeyaiarer nec ate teyerees or ic eae Mar./Apr. 14 PHCe eo Weta sist -/ Ap. 
ariaden : ; oduction to the Four-L i 
rousPamire vance Parameters with Tem- SIMMONS, CHARLES D Pree REGRESS oR % 
IER, ROGER Vo eee Jan./Feb. 25 Hole Storage Delay Time and Its Predicti 
4 ROC V. : § 4 on” jo. Mi [4s 
Design ‘Consid erations for Transistor Reflex nee stance Heat Sinks and Their Evaluation eye eee 311 
GIBBONS. DR. JAMnS Bee May/June 35 The Spaciston A Mew High-F i : 
GILLETo on wogtne Four-Layer Diode Jan./Feb ductor Amplifier igh-Frequency Semicon- Son ee Ph 
TE, ies Mictire layer Diode, J. ee ant ren! 9 SYENTAN RT PR, Sas Bol Re cee an./Feb. : 
Semiconduct i , ot. P. 
GRONEMEIER: or. Diode Test Methods ............. Mar./Apr. 26 Ue ee Analysis of. Transistor Circuits ....Jan./Feb. 385 
ransistorized nf Cy 5 iston Test Sete eee “7 Sept : 
sartiman storized Radio Direction Finder ........ Sept./Oct. 36 TAMAS, MICHABL C. +. Sep / Oth Cea 
rocessin ; F Re rasonic Cleani i i F ! 
pees ig and Purification BF Siliconitorssodt. TASEOR: Hehe eee Reduces Diode Failure ... .Mar./April 5 
HUANG GIOd GaoRODeCUan eee N : UGEAS WY: 
ANG, C. adie es Caan ecg ee -Nov./Dec. 35 All Transistor Portable Television .. M 
Baer Terie pean Applications of Low- TEMPLE, By AG Ce tye Og he as ee BS ; 
KASS, SAM SOUS iearetatepuhalslaepbeyetst Merkle 4 cys oe PEs es May/June Making and Using the Satellite RF Transi ti 
KEEGAN een Capacitors ae ee Mey /J = aes Hien A h pa ee | 
; PENSAR) S00 0008630 0Go0 tou oodouol éy/June 39 ccuracy Measuring T s , 
KENT RDWIN'S Amplifier Output Stages May/June 24 EE ROGER R. & Techniaue Spo Ne Eee 
» HD 2 Pia eels Transistorized Televisi i 
On Microf . elevision Rec tee 
L ANZ A, CONna Metals for Semiconductors ....Mar./Anril 66 ele G. i SA eben aeons Novaier: 23 
i ce : 5 aking an i . P 
Hieoe nie ew High-Frequency Semicon- WILLIAMS, nRUGeal the Satellite RF Transistors ..Nov./Dec. 17 
MINOR SHAG 0 rete otee teeter ree, Jan./Feb. 34 Transistor Physics ae: 
Digde “Protection of, Seay: ea a pee WOLSEKL ADOLEY sini) siah2e/ ol hain, wUalfepviaiali) erettesicrsnieeters @ Jan./Feb. 13 
aria isi . \ 
tons and Voltage Surges ....Jan./Feb 21 Trisistor—An Alloyed Junction Trigger Transis- ‘ 
2 


10 


a 


Tori tn beens 
are olhajergia ce uvomentetes seelserseesenes SUlY/AUP. 


SEMICONDUCTOR PRODUCTS e JANUARY 195 


“ADVANCED SEMI-CONDUCTOR 
AND SOLID-STATE DEVELOPMENT 


Jnusual opportunities for creative scientists and engineers with semi-conductor and solid-state experience 
ire now open at IBM plants and laboratories at Endicott, Kingston, Owego and Poughkeepsie, N. Y. 


BM is now expanding its activities in the development and manufacture of solid-state devices and in the 
ipplication of these devices to advanced circuit design for data processing. 


Jpenings exist in advanced device development, device engineering, semi-conductor technology, and 
process development. Assignments include: theoretical device design and proof of device feasibility; sur- 
‘ace studies; diffusion studies; alloying studies; logical design; optimization of manufacturing processes. 


WRITE, outlining qualifications and experience, to: 


| ‘ ; Mr. R. E. Rodgers, Dept. 282A 
LUALIFICATIONS: M.S. or Ph.D. or equivalent background in IBM Corporation 


ine of the physical sciences plus proven ability to assume a 590 Madison Avenue 
igh degree of technical responsibility. New York 22, N.Y. 


.\DVANTAGES OF IBM: A recognized leader in the electronic 
omputer field...products used in both military and commercial 
pplications...advancement on merit...company-paid relocation 
xpenses...liberal company benefits...salary commensurate 
jith ability and experience. 


For further information circle No. 10 on Reader Vi 


u. S. Semcor 


SOLID TANTALUM 


IMMEDIATE “OFF THE SHELF” DELIVERY... 


featuring highest capacitance in the smallest package yet! 


us| |SEMGOR 


3536 WEST OSBORN ROAD - PHOENIX, ARIZ. - Applegate 8-5591 


For further information Circle No. 1] on Reader Service Card 
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low boron 


content... 


E) SILICON 


(ultra-high-purity) 


‘For want of a nail the battle was lost’? becomes boron content as well as overall high purity. 


painfully true when translated to lack of purity in May we suggest that whenever top quality 
the semi-conductor material you choose for your silicon is desired—silicon combining both high 
transistors, diodes or other silicon devices. purity and uniform quality—you get in touch 


The Pechiney process, used in the manufacture — with Grace Etecrronic Cuemicats, Inc., at PLaza 
of Grace Silicon, is noted for a product with low _2-7699, 101 N. Charles Street in Baltimore, 


GRACE ELECTRONIC CHEMICALS, INC. 
\ > 101 N. Charles St., Baltimore, Maryland 
Subsidiary of W. R. GRACE & CoO. 


For further information circle No. 12 on Reader Service Card 
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Greatly enlarged photo 
of Fairchild 2N696 
before capping 
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FROM FAIRCHILD 


MESA 


TRANSISTORS 


IN 


For further information circle 


SILICON 


80 milli-micro-second rise time with 2 watts power dis- 
sipation at 25°C. This speed and power is combined with 
silicon’s superior high-temperature reliability. The switch- 
ing performance that this affords has a place in every 
advanced-circuit evaluation program. 


Double-diffused mesa-type construction provides mechan- 


_ ical ruggedness and excellent heat dissipation besides 
_ being optimum for high-frequency performance (typical 


gain- bandwidth product 80 Mc). This type is under intense 
development everywhere. Fairchild has it in production. 


Quantity shipments now being made give conclusive proof — 


of the capabilities of Fairchild’s staff and facilities. We can 
fill your orders promptly. You can start immediately on 
evaluation and building of complete prototype equipment. 
Gearing to your future production needs, Fairchild will have 
expanded facilities to over 80,000 square feet by early 59. 


2N696 and 2N697 — NPN SILICON TRANSISTORS 
Symbol 


Characteristics | Test Conditions 


Specification 


Collector to Emitter | 
voltage (25°C) 


Total dissipation at : 
25°C. Case temp. 


D.C. current gain 


2N696 20-60 
2N697 40-120 
6xn typical 

10a max. 
Atypical 


Collector saturation 
 fesistance cS 
Small signal current 
gain at f==-20Mc 


SEMICONDUCTOR CORPORATION 
i 


844 CHARLESTON RD. - PALO ALTO, CALIF. » DA 6-6695 
SEE US AT BOOTH 96 NEC VOMVENTION 


No. 13 on Reader Service Card 
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Transistor Characterization at VHF 


R. P. ABRAHAM* and R. J. KIRKPATRICK* 


PART 1 


This article describes a technique for the characterization of transistors in the common 
emitter configuration at very high frequencies (30-300 mc). The characterization consists 
of four measurements and subsequent calculations which yield the four complex hybrid 
parameters; the hybrid parameters may then be used to find the validity as well as the 
element values of any equivalent circuit. The measurements which are made are (1) in- 
sertion voltage gain, (2) input impedance with a load of 50 ohms, (3) hx», and (4) yu. 
In the VHF region transmission line techniques become necessary; thus, coaxial jigs have 
been designed to provide the transition between the transistor and the coaxial line as well 
as to accommodate the bias circuitry. These jigs in conjunction with a Rhode-Schwartz 
Diagraph provide the necessary measurement equipment. The calculations needed to trans- 
form the measured data to the hybrid parameters are programmed on a digital computer. 
These calculations also take account of the small imperfections in the jigs. Typical data on 
the diffused base type of transistor is presented. These data are shown to be in good 


1. INTRODUCTION 


HIS ARTICLE describes a method for obtaining 
the hybrid parameters of a transistor in the com- 
mon emitter connection over a frequency range 
£ 30 to 300 mc. The purposes of the high frequency 
ransistor measurements are to confirm an equivalent 
tircuit of the transistor and to evaluate its parameters. 
“he design of active networks using transistors de- 
bends to a large extent on these accurate evaluations. 
e measurements necessary to obtain the four pole 
»arameters are as follows: 

1. hy;, short circuit input impedance 


2. hee, open circuit output admittance 
3. Yee, short circuit output admittance 
4. Insertion voltage gain 


“rom these measurements hs; and hj. can be calcu- 
ated. A Rhode-Schwarz Diagraph in conjunction with 
pecially designed coaxial jigs is used to obtain the re- 
{uired measurements. 

Section II of the article describes the method of 
lneasurement and the equipment involved. Section III 
lescribes in detail the construction of the coaxial jigs 
d the biasing arrangement. Section IV contains the 
bvaluation of the coaxial jigs; Section V gives the 
iheoretical hybrid parameters for a tee equivalent cir- 
juit; Section VI shows the calculations necessary to 
‘btain the hybrid parameters; and Section VII pre- 
ents sample data and compares this data with the 
‘quivalent circuit. Sections VI and VII will appear in 
the concluding installment. 


Bell Telephone Laboratories, Inc. 
Murray Hill, New Jersey. 
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agreement with the calculated performance of a tee equivalent circuit. 


REFERENCE 


COUPLING 
CAPACITOR 


HP 608C 
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(A) 
TRANSMISSION 


r— SHORT CIRCUIT 
TERMINATION 


DIAGRAPH 


6 s0n 
TERMINATION 


Fl COUPLING 
CAPACITOR 


JIG 


(8) 
IMPEDANCE 


Fig. 1 Measurement block diagrams. 


Il. MEASUREMENT TECHNIQUES 


Diagraph—Theory of Operation 


The Rhode-Schwarz Diagraph is an instrument ca- 
pable of measuring (1) complex reflection coefficient 
and (2) transmission. Two matched directional 
couplers sample the signals in both the reference and 
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unknown channels; the directional couplers are sens!- 
tive only to the waves traveling in one direction. The 
output from each coupler is converted to an i-f fre- 
quency of 10 mc by being mixed with the signal from 
a local oscillator. A special automatic frequency con- 
trol circuit makes the local oscillator follow any varia- 
tions of the signal generator frequency so that fre- 
quency deviation errors are largely eliminated. The 
two 10 mc i-f amplifiers have a broadband charac- 
teristic (approximately 70 kc) to insure a flat phase 
response. The magnitude of the detected signal in 
the reference channel is indicated on a front panel 
meter marked “Reference Voltage.” The magnitude 
of the unknown signal is displayed on a circular trans- 
luscent chart by means of a calibrated light spot gal- 
vanometer; the distance from this light spot to the 
center of the chart is proportional to the signal 
strength in the unknown channel. In order to meas- 
ure the complex wave relationship it is also necessary 
to measure the phase angle between the two signals. 
To accomplish this the output signals of the two i-f 
amplifiers are applied to opposite ends of a circular 
delay line. Since this line is slightly longer than 180 
electrical degrees at the i-f frequency, a null will exist 
at the point on the line where the two signals cancel. 
The location of this null is determined by the relative 
phase of the two signals; it will be displaced from the 
end of the line by an amount proportional to one-half 
the phase angle between the two signals. A capacitive 
probe geared 2:1 to the translucent chart may be ro- 
tated along the entire length of the line to determine 
the location of the null. Thus, there is indicated on 
the chart a vector whose length and angle are propor- 
tional to the magnitude and phase angle of the desired 
complex wave relationships. 


Diagraph Immittance Measurements 


When the Diagraph is used as an immittance meas- 
uring device, the test signal power at the desired fre- 
quency is divided equally between the unknown and 
reference lines; 40 db of padding in each provides 
isolation between the two lines, A short circuit is con- 
nected to the reference terminal and the unknown 
immittance is connected to the unknown terminal. 
Since the directional couplers are sensitive to the re- 
flected signals, the complex wave relationship deter- 
mines the unknown reflection coefficient. To read the 
immittance value directly, a Smith chart or a Carter 
chart is placed in the transparent chart holder. The 
charts are made of a translucent material and are 
suitable for marking with a pencil. To make the im- 
mittance measurement independent of losses or phase 
shift in the cable connecting the unknown impedance 
to the instrument, identical lengths of cable are con- 
nected to the reference and unknown jacks. By put- 
ting the short circuit at the far end of the reference 
cable, the reference plane is moved from the Diagraph 
to the terminals of the unknown immittance. 
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Listed below are the specifications of the Diagrapl 
when it is used as an immittance measuring set. 


Characteristic impedance — 50 ohms 

Measuring range — 1-2500 ohms 

Accuracy — + (3% + 0.02) of the 
reflection coefficien: 


Diagraph Transmission Measurements 


For the measurement of the transmission charac. 
teristics of four terminal networks the input and out- 
put signals are compared directly. The Diagraph op. 
erates as before comparing the magnitude and phase 
of two traveling waves; the signal power is divided 
external to the Diagraph by means of a coaxial tee 
and two isolating pads. Half of the signal power is fed 
to the reference line and the other half to the input of 
the network; the output of this network is then fed to 
the unknown line. Thus, with the transmission chart 
placed in the chart holder, readings of attenuation in 
decibels and phase shift in degrees are obtained di- 
rectly. 

Listed below are the specifications of the Diagraph 
when used as a transmission measuring set. 

Measuring range 


Attenuation —0 to 30 db 
Phase — 0 to 360° 
Accuracy 
Attenuation —+5% + 0.2 db 
Phase at 0 db —+1.5° 
at 20 db —+5° 


Nominal input impedance — 50 ohms 


Measurement of the h,, Parameter 


Figure 1B shows the block diagram for determin- 
ing hy. The hi; parameter is obtained from the input 
impedance measurements with the output terminated: 
in 50 ohms. As previously described in the Diagraphi 
immittance measurements, two lengths of cable are 
used; one cable connects the hi-ho: jig to the un- 
known terminal of the Diagraph. The other cable con- 
nects the reference jack of the instrument to a shortec 
line whose length is the same as the distance from th 
input end of the hi-ho: jig to the transistor socket 
With the transistor biased at the desired operatin: 
point and a Smith chart in the chart holder, a direc’ 
measurement of the input impedance of the transistor 
is obtained. The hy; parameter is defined as the shor 
circuit input impedance, and the measured transiston) 
is terminated in 50 ohms; thus, a small terminatior 


error exists and is discussed in Section VI of this 
article. | 


Measurement of the hoe Parameter 

The h2s parameter is measured in the same way as 
the hi: parameter as far as the measuring arrange: 
ment is concerned (the Smith Chart is reversed sc¢ 
that admittance can be read directly). Since the ho: 


Fig. 2 Photograph of the h, ,-h,, jig. 


tance, the base connection of the hos-ys. jig is a-c open 
circuited. The imperfection of this open circuit is 
taken into account in Section VI. 


Measurement of the yo2 Parameter 


Yy22 is defined as the short circuit output admit- 
tance; hence an a-c short circuit between base and 
ground is provided by the hoo-yoo jig. An admittance 
measurement is then made in the same manner as the 
previously described ho. measurement. 


| Measurement of Insertion Voltage Gain 


In order to determine the transistor current gain, 
hs;, an insertion voltage gain measurement is made 
utilizing the Diagraph and the hj,-h»; coaxial jig. The 
calculation of hs; from the insertion gain including 
the appropriate modifications of h,; and he» is given in 
| Section VI. Fig. 1A shows the block diagram for mak- 
ing insertion voltage gain measurements. As men- 
tioned previously, a signal is fed from a generator 
into a coaxial tee; one-half of the signal power is fed 


.005 UF 


[TRANSISTOR Seer tio 
CAPACITOR 


| UNDER TEST 


50n 


COLLECTOR 
| RESISTOR 


€ Fig. 3 Schematic diagram for the h, ,-h,, jig. 
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through an isolating pad into the hi;-h2; jig (to the 
transistor under test); the output of the hi;-he; jig is 
then fed to the unknown terminal of the Diagraph. The 
other half of the signal power is fed through a similar 
isolating pad into a line, equal in length to the hiy-he1 
jig, which in turn feeds the reference jack of the Dia- 
graph. Because the transistor under test is not driven 
by a constant current source, the hi; measurement is 
an important factor in the calculation of the hs; pa- 
rameter. 


Ill, DESCRIPTION AND CONSTRUCTION OF THE 
COAXIAL JIGS 


Construction of the hy;-h2; Jig (See Fig. 2) 


The frequency range from 30 to 300 mc represents 
a border region in that it is a transition range from 
lumped elements to distributed elements; thus, the 
coaxial jigs constitute a departure from lumped ele- 
ment design. The circuit diagram of the hi-ho; jig is 
shown in Fig. 3; a common emitter configuration is 
employed which operates into an a-c coupled 50 ohm 
load. In the h,; measurement the 50 ohm value is pre- 
sented by a coaxial 50 ohm termination; for the in- 
sertion voltage gain measurement, the 50 ohm load is 
the Diagraph input impedance. The overall assembly 
and construction are shown in Fig. 4. Each arm of this 
“ell” shaped jig is made from two blocks of brass 
tightly fastened together. The two blocks are ma- 
chined as a unit to form the outer conductor of a 
tapered 50 ohm coaxial line. The center conductor of 
the coaxial line is also tapered to maintain a constant 
characteristic impedance. 

The small end of the taper terminates at the tran- 
sistor socket; this arrangement maintains a 50 ohm co- 
axial line as close as possible to the transistor being 
measured. The emitter bypass capacitor shown in 
Fig. 4 is sandwiched between the two halves of each 
arm so that the edge is flush with the tapered outer 
conductor. By placing the capacitor in this position 
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Fig. 5 Schematic diagram for jig parasitics. 


the resulting transition from coaxial to two-wire (the 
transistor) is accomplished smoothly and the equiva- 
lent inductance in the emitter lead is a minimum. The 
high side of the capacitor, which is made up of sheets 
of silvered mica, is connected to the emitter pin of 
the socket. The outside of the outermost sheets is 
clamped tightly against the brass block and is at 
ground potential, as is every other sheet, by virtue 
of interleaved foil connecting them. The capacity of 
0.002 uf brings the reactance of the capacitor to about 


~DUAL SOCKET cuT OUT FOR 
MEASURING OIFFUSED 
BASE TRANSISTORS 
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Fig. 4 Construction of the hy,-he, jig. 
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1 ohm in the lowest frequency range of interest, yet 
the emitter is isolated from d-c ground. 

A 1K resistor, which supplies the collector bias, is 
fastened to the center conductor of the collector arm 
of the ell and is brought through a hole drilled in the 
block. The resistor has a negligible effect on the meas- 
urements as the a-c collector load is 50 ohms. A co- 
axial coupling capacitor (0.005 uf) is used to provide 
d-c isolation between the collector bias circuit and the 
90 ohm load. The base connection is returned to 
ground through a 50 ohm pad or through the input 
impedance of the Diagraph. 


Description of the h22-y22 Jig 


The h2-yo2 jig is a single collector arm of the pre- 
viously described ell shaped jig used for measuring in- 
put impedance and insertion voltage gain. In this jig 
the construction of the capacitor, the dimensions of the 
conductors, and the socket arrangement are the same 
as for the previously described jig. The 1K collector 
bias resistor is omitted, and the 50 ohm impedance of 
the Diagraph is used to supply the collector current. 
The hz measurement is made with a 10K low shunt 
capacity resistor connected from base to ground. The 
Y22 Measurement is made with the base connected to 
ground through a 0.01 uf capacitor. 


IV. JIG EVALUATION 


The main objective of the design of the coaxial jigs 
was to minimize the parasitics which would cause 
errors in the measurements. If the errors due to these 
parasitics are small, then they may be accurately ac- 
counted for by an appropriate calculation. The as-_ 
sumption is made that the parasitics can be repre- | 
sented by lumped elements, i.e., shunt capacity and — 
lead inductance, which could be evaluated by simple | 
open and short circuit measurements. The tests were 
made using the apparatus and circuit arrangement | 
which are identical to the analogous transistor meas- : 
urements. The open circuit measurements were taken | 
with the socket vacant, and the short circuit tests were 
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TABLE I 
a H))-Ho, JIG 


INPUT 
CAPACITY 


INPUT 
ADMIT TANCE 


ahah |. SUUF 


SOCKET 
OPEN 


OUTPUT 
CAPACITY 


OUTPUT 
ADMITTANCE 


BASE TO 
COLLECTOR 
SHORTED 


OUTPUT COLLECTOR TO 
IMPEDANCE | EMITTER SHORT] °0!72 UH 


INPUT 
INDUCTANCE 
3 
OUTPUT 
INDUCTANCE 


TRANSMISSION 
AND PHASE 


yr EMITTER 
INDUCTANCE INPUT BASE TO Se 
IMPEDANCE | EMITTER SHORT ; 
INPUT TO 
TRANSMISSION 
5 OUTPUT AND PHASE 


COUPLING 


SOCKET 
aac 0.1UUF 
Hae -Ye2'. JIG 
TOTAL SHUNT OUTPUT COLLECTOR TO Bg 
CAPACITY ADMITTANCE | BASE SHORTED 
OUTPUT OUTPUT gy reees 70 rate 
INDUCTANCE IMPEDANCE et 3 
Hae2 


BASE TO 
OUTPUT OUTPUT 
COLLECTOR 0.0075UH 
INDUCTANCE IMPEDANCE SHORTED 
Y22 


INPUT INPUT SOCKET 
CAPACITY ADMITTANCE OPEN 
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TEST] PARASITICS MEASUREMENT SOCKET TEST CONDITION & 
RESULTS PARASITICS OF JIG 
Eisen ee SONNESTIONS | _resuirs |, pARAsh SHORTING STRAP 
BD 


imade by connecting a #18 wire of minimum length V. THEORETICAL HYBRID PARAMETERS 

between the appropriate socket terminals; thus the It would be extremely convenient if a low fre- 
socket and jig parasitics were evaluated. Table I quency equivalent circuit could be extended to accu- 
shows the measurements taken on the hy,-h2 jig and rately describe the action of transistors in the vhf 
the hee-yos jig, respectively; Fig. 5 shows the equiva- region. It is shown in the following that the diffused 
lent circuit for each of the jigs. base transistor allows this extension. The tee equiva- 


19 


lent circuit shown in Fig. 6 is used to characterize the 
transistors which were measured. The common emit- 
ter hybrid parameters calculated from this equivalent 
circuit are compared with the measured hybrid pa- 
rameters of a typical diffused base transistor. The so- 
called excess phase is taken into account by including 
an exponential term in the expression for “a.” 


h,, 

The theoretical short circuit input impedance can 
be closely approximated by the circuit shown in 
Fig. 7A, and if the real part of hi is plotted against 
the imaginary part, the circle diagram of Fig. 7B re- 
sults. 


hey 


The short circuit current gain obtained from the 
equivalent circuit is 


hos = Z (1) 
10, 


when 7’, is neglected* and where 


yee 


Computations were carried out with the aid of a digi- 
tal computer for various values of aj and m. Fig. 8 
shows a typical result where hz; is plotted as a func- 
tion of f/f, for a, = 0.98 and m = 0.6. If the transport 
of minority carriers is effected by means of diffusion 
alone, m = 0.2; however, if any electric field") exists 
within the base region that assists the transport mech- 
anism, m may exceed 0.2. 


If f < fa/m then 


5 f . 
ein ws 1 — 7m — (2) 


Sa 


By using this approximation in only the denominator 
of equation (1) the ho; parameter is approximately 


Hy d 
Caan 
ie ee 
Sie ise [1+ Sten] (3) 


Ip CG) 


The frequency at which the common emitter short 
circuit current gain is unity is given approximately by 


*r’, is usually small compared to normal load impedances and 
may be accounted for by adding r.’ in series with the load. 


1. C. A. Lee, “A High-Frequency Diffused Base Germanium 
Transistor,” Bell System Technical Journal, vol 35, Number 
1, p. 23, January 1956. 


20 


r’, COLLECTOR BODY RESISTANCE 

r, OHMIC BASE RESISTANCE 

tr, EMITTER JUNCTION RESISTANCE 

r’, EMITTER CONTACT RESISTANCE 

C,. EMITTER STORAGE CAPACITY 

C, COLLECTOR DEPLETION LAYER CAPACITY 
C; STRAY COLLECTOR TO BASE CAPACITY 

C, STRAY COLLECTOR TO GROUND CAPACITY 


ys 

= 9 ——— 

Piet ee 
eee eee 
ee 


Fig. 6 Tee equivalent circuit. 


” 
wl 
w 
x 
1) 
wW 
a 
a 
0.01 0.02 0.03 005007 Ol o2 03 O05 OF 10 2.0 3.0 9° 
v/ 
fa 
Fig. 8 Theoretical 3 
Ja 
—————_ = 4)i 
el anu Jac (4) 


hz2 


The open circuit output admittance derived from: 
the tee equivalent circuit can be represented by the: 
circuit of Fig. 9. The real and imaginary parts of hoo: 
may be equated to a resistance and a capacitance in 
parallel. This resistance and capacitance are plotted! 
versus frequency in Fig. 9 where (1-a)-! was com-. 
puted for a, — 0.97, m = 0.4 and fa = 1000 me. The: 
sum of collector capacity and the collector to base: 
header capacity was assumed to be 1 put; C, and 1 
were neglected. | 
hoy | 

A straightforward analysis of the equivalent circuit! 


shown in Fig. 6 neglecting r’, and r’. and for fre-. 
| 
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Fig. 7 Equivalent circuit for short circuit input 
impedance. 
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Fig. 9 Theoretical h,,.. 
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Fig. 10 Theoretical h,,. 
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ue h mitter 3 db oint In the frequency range of interest, w => Wae (1-ao) ? hence 
p 


[fae (1-ao)] gives | te a | 
Pp ae 
| Dp ¥,(-¢) 2 — (24) 
| 1 2 he T Wae 1 Pp | 
I e3) - 
\) hyo ~ hos Anse ee (5) + Wa 
! Pp 
i (1 a 2) When ™ is small, Wae ~ Wa; thus 
| ro) x We Pp ae 
H Hflvs ~ ae and Y, (l—a) = Hoy (25) 
| i , ae 1 a 1 e~ae 
| where h 23 Onn Stee Oe ? and Conse mC O Using expression (25) and Yc =Ccp equation (20) may be rewritten as 
| @ Cc r Gy 
I Appendix A gives a derivation of expression (>) Pg OF Stes teat! 
. plots of the asymptotic magnitude of hie for two typi- s pais eae Wae 
| cal cases are shown in Fig. 10. pti tee (C-+ Cy) Te (Cot Cy (26) 
i he. = Y ! 
| 1 oC; 
| [TO BE CONCLUDED NEXT MONTH] C= ns rile + | 
Wae 1 =e p i ae 
oe a le cep | 
With the following definitions 
APPENDIX A 1 1 
3 ner ae Pe oe ; = ————_,, & = —) and w = 
Pe ond eee Neglected, stralelt Penmpate expression for eae CCN en ; rey 
} Fig. 6 yields 
1 the above equation becomes 
Y.tnCp | —+Y.+Y, aa) | 
l We Wae 
| a (20) l+p E 2 | 
i 1 Dac Wo = 
Y.+Y, Wee a) +70 yp [a+FetY. aa) | hie SS : (27) 
T We Wae 
Ite ead bo aes 
where Ye =Ccep, Ye = rt, +Csep, and p is complex frequency. If the Cae. prt i) ee 
emitter storage capacity can be approximated by 1/waere, then 4 We nie Dae 
i af 2S In most cases @, >> Wae, We >> Wae; therefore, 
eS taes Mad 21 Pe 
i By (: + 
d using the approximation of (3) n~ Be Shine ‘ 
an his = p (28) 
We 
[ jet eo Aco (: + =) 
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‘Transistor Thermal Stability 
M. J. HELLSTROM* 


The thermal stability of a transistor connected in a general bias circuit, with no signal 
applied is analyzed. Graphical solutions are necessary to determine stability. Only cases 
in which temperature variations in input conductance are negligible will be considered. 
Under certain conditions, frequently satisfied in practice, the general solution may be re- 
duced to one which is more convenient to use. In a slightly smaller class of circuits still 
another simplification leads to a useful criterion, namely that stability will exist when 
SKEI.,/1. < 5.3. 


Ss =dlI.,/dI.,, Stability Factor’ 
K =Thermal Resistance, °C/W 
E = Average Collector to Base Voltage 
I.,/7: = Leakage Current at a Temperature 
PT KP, 
T, Ambient Temperature 
P,  =Collector Dissipation in the Absence 


of any Leakage Current 
In this case the equilibrium junction temperature T; will not be more than 14.4°C 
greater than T). 
A convenient interpretation of the stability factor, S, as well as simple formula for 
calculating its value are incidental results of the analysis. 


c=, 


/ Ed Note: This article is based on a paper delivered by the author at the | 
LR.E. Spring 1958 Technical Conference on Television and Transistors. It 
appears here in a revised form and includes additional material. 


Introduction le le + Icg=Icyz 
Se 


r JHE CIRCUIT in Fig. 1 represents a transistor 
connected in a general bias network of resist- 
ances and batteries. The network is represented 
in the familiar four pole impedance parameter nota- 
tion with the addition of two batteries, which combi- 
nation completely describes the d-c behavior of the 
bias network. This analysis treats the thermal stability 
of this system assuming that there are no signals 
present, i.e., power dissipation in the collector junc- GENERAL BIAS NETWORK 
tion is the product of the d-c voltage and the d-c cur- 
rent. In practice the dissipation may be more or less 
than this value. The results, therefore, should be used 
with judgement. For example for a Class A amplifier, 
since the collector dissipation with a signal is less than 
with no signal, it might be argued that this analysis is 
pessimistic. However, the system should be stable in Fig. 1—Circuit representation of a transistor in a gen- 
the event of removal of the driving signal. One other eral bias network. 
| assumption is that the emitter to base voltage is zero. 


This is equivalent to saying that the d-c source im- 
_pedance for the emitter is higher than the d-c input Collector Voltage Independent of Temperature 


E: = OPEN CIRCUIT VOLTAGE AT TERMINALS 1 
—2 =OPEN CIRCUIT VOLTAGE AT TERMINALS 2 
Ru, R22, RtT CONVENTIONAL FOUR POLE 
IMPEDANCE PARAMETERS 


resistance to the emitter.” Finally, the variation of The quiescent collector current consists of a first 
current gain with temperature is discussed briefly part which is independent of the collector leakage 
although it has been neglected in the analysis. current, I-,, and hence of temperature, and a second 


The simplest, and perhaps most useful, method will part which is proportional to Ic). 
be given first. This will be followed by a very general 


solution. In this way the necessary conditions for the Foy = Lo + Slo (1) 
validity of simple cases will be revealed. Where I,; = total collector current 

I, = part of the collector current independ- 

* Westinghouse Electric Corporation, Television-Radio Divi- ent of temperature, i.e., value of col- 

sion, Metuchen, New Jersey lector current if leakage current is zero. 

1R. F. Shea, Principles of Transistor Circuits, John Wiley, Pg. 99. S = first derivative of total collector current 


2 This is described more fully in the Appendix. with respect to leakage current. 
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If the bias circuit is such that the collector to base 
voltage is essentially independent of collector current 
within the expected range of variation of I+;, then the 
power dissipated in the junction is: 


(et NE (2) 
Where P, is the total power dissipated in the tran- 
sistor 
E is the collector to base voltage. 
The temperature of the junction, Tj, is given by: 


(3) 


Where Kis the thermal resistance between the 
junction and the heat sink, 
T, is the temperature of the heat sink. 
Combining these two equations, the junction tempera- 
ture equilibrium equation is obtained. 


Pp eT HK! 


TK ET, SSKEL, (4) 


The temperature dependence of I-, is given by: 
Dep leg ycexpc (T; — 1) 
Where I-,/7, = leakage current at reference tem- 
perature Tj. 


k =constant, approximately 1/14.4° C for 
germanium. 
T, =arbitrary reference temperature. 


Inserting this leakage current variation with tempera- 
ture, the equilibrium equation becomes: 

T; =T, + KEI, + SKEIe,|r; exp (T; — Ti) k 
The solutions of this equation, if they exist, may be 
obtained graphically. The work can be considerably 
simplified, however, if a special choice of the reference 
temperature for I-, is made. 

Lett, == 1) KET, 
Then, at equilibrium, 


(T;—T,) = SKEI., 


t,exp (Tj—T,) k (9) 


This equation is plotted in Fig. 2. The value of 
SKEI<,|74 is selected along the ordinate axis and the 
intersections with the curve represent equilibrium 
points. Only the intersection at the lower temperature 
is stable however. This can be seen when it is ob- 
served that above the curve the heating rate exceeds 
the cooling rate, conversely, below the curve the 
junction cools faster than it heats up. 

The most useful feature of the analysis, however, 
is. the fact that there isa maximum value that 
SKEI eo|t1 can have if the system is to be stable. For 
if it exceeds the peak value of the curve in Fig, 2, 
then there are no solutions to the equilibrium equa- 
tion. By maximizing x exp(—kzx) it can be shown 
that this maximum is 1/ke, or about 5.3 for ger- 
manium. It occurs at x = 1/k, or 14.4 degrees centi- 
grade. 

Thus, the conclusion is that in a circuit in which the 
collector voltage is constant, equilibrium will be 
reached only if 

SKET oo|r. < 5.3 

Where T, = T, + KEI, 


Note that T, is the temperature the junction would 
reach if there were no leakage current. The value of 
Ic, at that temperature may quickly be estimated from 
its room temperature value by using the approximate | 
relation that it doubles for every 10 degrees centi- — 
grade rise in temperature. 

Before proceeding to the more rigorous analysis a 
short example of the utility of this criterion will be 
given. . 

EXAMPLE: 

A Class A Transformer coupled transistor amplifier 
is to operate at a quiescent point of 10 volts and 1/2 
ampere. The heat sink temperature will be 35 degrees 
centigrade. The leakage current at 35 degrees C. 
is 2 ma. The thermal resistance to the heat sink is 6 
degrees centigrade per watt. The problem is to find 
the stability factor, S, which is required to prevent 
thermal runaway. 

First, calculate the equilibrium junction tempera- 
ture if I-, were zero. The quiescent power dissipation 
in that case is 10 & 0.5 = 5 watts. Thus, T; = 35 + 
5 K = 35 + 30 = 65 degrees centigrade. Thus I*%|T; is 
(2 ma) < 8 = 16 ma. Thus 

SKEI.,|T; = S (6) (10) (.016) = 0.96S 
and if this factor is to be less than 5.3, then 


5.3 
96 


Sx 


Diodes 

The simple stability criterion derived in this section 
may be applied directly to reverse biased diodes. In 
this case S is unity and I, is the temperature inde- 
pendent component of reverse current. The reference 
temperature, T;, is determined from the power dissi- 
pation due to this current and the applied reverse 
voltage. 


Variation of Critical Value 


The peak value of the curve in Fig. 2 is 1/ ke, where 
e is the Napierian base and k the coefficient of tem- 
perature in the exponential expression for leakage 
current. For germanium k will range from about .06 
to .09 hence the peak value of Fig. 2 may range from 
6.12 to 4.09. If the temperature dependence of the 
leakage current of a given transistor is known, the 
actual value of k may be determined and the curves 
may be scaled accordingly. 

Also, silicon transistors have a value of k which is 
approximately half the value for germanium. For ex- 
ample, the manufacturers data on the T1952 gives a 
value of 1/23°C over the range 0-100°C. The curves 
for this transistor should therefore be scaled by 23/14.4 
or 1.62. Hence the critical value is 5.3 x 1.62 — 8.58. 
The abscissa is also scaled by the same factor, that is 
one C® becomes 1.62 centigrade degrees. 


Complete Analysis 


In the Appendix the collector current and voltage 
are each shown to have two components. 
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1 = Tes “5 S; is (6) 
V.=Ve-+ S,I., (7) 


Where I’, = collector current when I-, vanishes 
V’, = collector voltage when I-, vanishes 
i; = constant of proportionality between 
collector current, I-, and leakage cur- 
rent, I-,. This is Shea’s Stability Factor. 
S, = constant of proportionality between 
collector voltage, V-, and leakage cur- 
rent, Icy. 


The power dissipated in the collector is therefore: 


oe —VIe= — V,I,' — (S:V.' + 8.1’) Te — SS, 1.2 
Cy, + C2(1.,) + C3(I.,)* (8) * 


The problem of thermal stability involves the simul- 
vaneous solution of this equation and Equation (3). 
T; =T,-+ KP.. 


he nature of the solutions may be studied by exam- 
ing the coefficients C,, Cs and C; of equation (8). 


= _ aH [Eo(Rii—aR,) + Ey(aRoe—R,)| 

(Ru—R,)? 

Ry lE(Riy —ak,) +Biokn— Ri 
(Ri,—akR,)* 


(9) 


a ak,AR 
— —)} ——__—____ 
(Rii—aR,)? 


(10) 


RAR 


a a 
(Ri:—ak,)? 


(11) 


From Equation (8) it is evident that C, is the value 
of the collector dissipation when I-, is zero. C, must, 
in practice, be positive. C», however, which is the pro- 
portionality constant between P- and I-,, can be posi- 
tive, negative or zero. This means that as I-, increases, 
e collector dissipation could, as a result of this term, 
decrease, increase or stay the same. Finally, C3, the 
isecond derivative of the collector dissipation with re- 
pect to I-,, is always negative.’ The effect of this term 
as I-, increases is to cool the junction. In addition, for 
any C,<0 there will always be an equilibrium point. 
is equilibrium will be at a very high temperature 
in general. It is, therefore, not useful in practice. 
Graphical solutions to equation (8) have been pre- 
sented in the literature,” however, it was apparently 
not recognized that C. could be negative. When Cy is 
negative, equilibrium will always be attainable. 
Curves for this case have been prepared. They are 
fuseful in obtaining the equilibrium value of junction 
temperature although they are not needed to deter- 
mine stability since it always exists when C2 is nega- 
tive or zero. These curves are shown in Fig. 3 along 


8 Handbook of Semiconductors—Hunter, pp. 13-12. 

4This is because, in equation (11) Ru is positive, AR= 
(Ring ¢.) Ra is positive and, of course, the denominator is 

positive. 

®» Hunter, ibid. 
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Ww 


Tiz=TatKEIc ee 
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(T= Ti) Ce) 


Fig. 2—Plot of Equation (5). 


(T%-T), CC) 


2 -K(Tj-T)) 
Pc=Cit+Calco tC3lcg KC2Icq /r «ua We - 
Ti=Ta+KC: oft 1#Be K (To-n) Ce 


SINCE C3 %0,8§ AND C2 MUST HAVE OPPOSITE 
SIGNS EXCEPT WHEN C3=0 


Fig. 3—Graphical solutions for Equation (8) for both 
positive and negative values of C. 


with a few cases of Cs positive. The form of presenta- 
tion utilizes the same technique of choosing the refer- 
ence temperature for I-, that was used in the simple 
case. 

A particular case of interest occurs when the last 


term in (8) can be neglected, that is, when 
(12) 


-y 
42 


|Csle| < 


Then the equilibrium equation is 
T; rn fies + I& [C, + Col .,]. 


Letting Ti = T, + KC; and T,’ = (T;—T71) this may 
be written, 


fA = KC.I,, A exp(kT;,’) 
or, T;’ exp(—kT;’) = KCil,, 


A i (13) 


25 


Equation (13) is plotted in Fig. 4 for positive and nega- 
tive values of Co. It is apparent that equilibrium will 
be established for all values of KColI¢o|71 less than 5.3, 
which of course includes all negative values. Thus the 
condition (12) on the system describes the validity of 
the type of analysis presented earlier in this report. 
Fig. 3 shows this qualitatively. 

One additional assumption is necessary for the orig- 
inal simple analysis. It is that the collector voltage is 
constant. Referring to Equation (8) it is evident that 
this is equivalent to saying 


IS.fe'| < |S.V.!| (14) 
In terms of the system this can be written: 
aAR E,/Ri, Ri/a 
(Ru—akR,)*| |(Ru—ak,)? 
x Eo(R11—ak,) 4s jena ky (14A) 
Rui-ak; 


It will be shown in the next section that S, = (Ros.c-) 
S;. With this, Equation (14) becomes 


0G ne 5< |V.’| (14B) 


a form of the criterion which is frequently easier to 
apply than the preceding forms. When this condition 
is satisfied as well as that given in Equation (12), then 
the solution of (13) as given in Fig. 4 may be ex- 
pressed as in the simple analysis at the beginning of 
this report in Fig. 2. 


MAXIMUM VALUE 5.3 
| occurs AT (Teta 
14.4°C 


-10 20 
Gysms °c 


=3 Boel eO i = 


-4 (14-71) Exe [-« Gy-T1)] 


=6 Ti=Ta + KC 


Fig. 4—Graphical solution for Equation (13) under the 
special conditions set forth in the text. : 


From Fig. 6, 
I., +a te Jb ey 
Ry 
I, = leg 
l-—-a ut 
Ry 
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Stability Factors, S$; and S, 
From the analysis as given in the Appendix and 
using four pole network theory some feeling may be 
had for the stability factors S, and S; of Equations 
(6) and (7) and for the operation of a bias network 
in reducing temperature effects. In addition, these 
concepts facilitate the calculation of these stability 
factors. 
From the appendix the first derivative of the col- 
lector current with respect to leakage current is 


1 


R, 
Riu 


= 
1S a 


l—a 


Refer to Fig. 5 which is the same as Fig. 1 except that 


the emitter connection is open circuited and the bat- 
teries are omitted since we are interested only in 
changes. If one ampere (change) is supplied to the 


| AMP ox AMPS 
—»_ ——s 
O OF-1Rn RTF . open circuit 
' I VOLTAGE = &RT 
0 O RT Ree 
1 AMP ScAMPS 
_s ——— 
O 
O—F Ru RT eat CIRCUIT 
CURRENT = & RT 
0 O Rt Re2 O Ril 


SHORT CIRCUIT LOOP 
CURRENT GAIN = & RT 
Ru 


Fig. 5—Schematic representation similar to that of Fig. 
1. Emitter connection, however is open, and batteries 
are omitted. 


emitter then a amperes will flow from the collector 
into terminal 2 of the bias network. The voltage ap- 
pearing at the open terminals 1 of the bias network | 
will be a R;. If now terminals 1 were short circuited, : 
the output current would be « R,/R,; in the direction | 
shown. Thus, the significance of this factor is that it 
is the short-circuit open-loop current gain. Closing the : 
loop with the emitter circuit does not alter this gain | 
figure because the emitter-base impedance is assumed | 
to be zero. 
The effect of leakage current on collector current — 
may be calculated, as in F ig. 6, by assuming a cur- 


rent source, Ico, applied to the collector terminal of a 
feedback amplifier, | 


Thus the change in I. due to a change in I, is modi- 


vd by the feedback factor (1 — a R;/Ri1). 
The meaning of S,, the first derivative of collector 
yltage with respect to leakage current, may be shown 
7 a similar manner. From the Appendix: 


x Ri ice+ Icg=Ic 


Ril 


- Ic=ICo oR 


D 
rl | 


‘ig. 6—Assumed current source, I,,,, enables the effect of 
leakage current on collector current to be calculated. 


3ut A R/R;, is the impedance looking into the output 
erminals 2 of the network when the input terminals 1 
are short circuited. This is actually the impedance 
seen by the collector since the emitter represents a 
short circuit termination of the network. Thus, 


A R/Ry = Re, o. = aVe 
dl, 
Since S, dV = ae Ue it follows that 
es af il, 
ga: eS (15) 


“8 .C 


In a similar manner the coefficient C; in Equation 
/(8) may be shown to be 


Cs “ed —Ro,.. (S;)? 


Effect of Temperature Variation of « 

The variation in transistor current gain with tem- 
perature will modify the value of the current stability 
factor S;. The reported’ increase of current gain with 
temperature is a regenerative effect because it in- 
“creases S; as temperature increases. This has not 
been included in the present analysis, but the follow- 
ing considerations enable an evaluation of its sig- 
nificance. 

The stability factor S; may be written in terms of 
common emitter current gain, f, and the bias network 
s.c. current gain, G. 


Bote 


Ss; = —————_ where G < 1 


~ B(1-G) +1 
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Fig. 7—Amplifier circuit used in the illustrative design 
example. 


If the bias network gain, g, is unity when S; has its 
maximum value, (f+ 1), as is expected from the 
definition of S;. Differentiation of this expression gives 
the dependence of S; on 6. 


Wee we © Ae re i 
dp [(a(1—G) + 1}? Ga-t- 
or di aN G GS;)? 
dp CS; aee 


Thus, if G is adjusted so that the stability factor is 
1/2 its maximum value, then the variation of S; with 
temperature is approximately 1/4 a small variation in 
6. For larger variations the incremental dependence 
does not give an accurate picture, however, it is sig- 
nificant that the sensitivity of S; with respect to B 
is reduced roughly as the square of the ratio of the 
reduction in Sj. 

For transistors whose variation of 6 with tempera- 
ture is large the results of this report should be used 
with a bit more caution. 


Illustrative Example 
Collector Voltage highly de- 
pendent on Leakage Current 

An RC coupled Class A amplifier is to be designed 
using the circuit shown in Fig. 7. The transistor has a 
beta of 50 and a room temperature leakage current 
of 1 microampere. The thermal resistance to the 
ambient is 240° C/w. The maximum current rating is 
10 milliamperes. 

To obtain maximum output power it is desirable to 
operate in the center of the collector current aperture. 
Thus I, = 5 ma is the desired quiescent current. Since 
the load resistance is 1 K the quiescent collector volt- 
age, V,, should be near 5 volts to minimize device dis- 
sipation. From this R, is calculated 
455 


= 8,000 ohms. 


oO 
45 
005/50 
Up to this point Ie, and thermal stability have been 


Since beta = 50, R, = 


= 450 Kilohms 


6R. F, Shea—“Transistor Circuits” pp. 45, John Wiley & Sons. 
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neglected. To calculate S; the open look current given 
is found to be unity. (See Fig. 8) 


1 


Therefore Se == pl 

l-—a 
Then, calculate Ros.c. = Re, 80 1c’Ros.c.= (. 005) (8,000) 
— 40 volts which, since it is greater than V’; = 5; 


does not satisfy Equation (14B). Therefore the simple 
analysis does not apply. Cz may readily be calculated 
from Equations (8) and (15): 


S, = Ro,.,, Si = 408,000 2 
C2 = —[(51) (—5) + (408) (5)] 
—[—255 + 2040] 
= —1785 volts 


The magnitude of C, is found by noting that 
Cs = mee: S? 
= —(8000) (51)2 = —20,808,000 


Thus if I,,|/71 is x microamperes, applying equation 
(12): 


in order for the curve in Fig. 4 to be useful. This is 
very likely to be true and will be verified at the end 
of the calculation. Thus, 


P= T+ KC, 
25 + (240) (.025) 
= 31°C 

Calculate I,, 


l| 


31°C 


31—25 


Teg|310¢ = (1 X 10°) exp 4-4 = 1.518 X 10-° amps 


which certainly satisfies the condition for neglecting 
C; and allows the use of Fig. 4. From this figure at 


KCI .,|7; 


27) 


(240) (— 1785) (1.518 & 107°) 
= —.65 

the junction temperature at equilibrium is found to be 
Nice od BE ro oem Dat 


Thus, there is no danger of thermal damage in this 
circuit. The actual quiescent values of current and 
voltage can be calculated from Equations (6) and 
(7). First 


dis 250 Se uy: = 1.416 X 10~° amperes 
hence, J, = (5 X 107% + 51 (1.416 x 105°) 
= 5.072 ma 
—5 + (408,000) (1.416 x 10-°) 
—4.42 volts 


305 Leg 


Ve 
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Experimental Verification 

A fair experimental verification of the results 0 

the analysis has been obtained. The procedure was a 
follows: 

1. Leakage current for a power transistor was 
measured at 1 and 6 volts on the collector and | 
over the temperature range of 27°C to 88°C. The : 
results plotted on semi-log paper were well ap- - 
proximated by the straight line: 


= (1X10-) exp (7; — 55°C)/14.4. | i 


The eins current doubles for a 10°C rise in. 
junction temperature, T;. It does not change as } 
the collector voltage went from 1 to 6 volts, in-. 
dicating that this was essentially saturation cur- 
rent, non-ohmic in nature. This leakage current ; 
data was used to calculate the thermal resistance : 
between the junction and the mounting base. 


2. The power transistor was mounted on a 5 square 
inch aluminum heat sink and connected in the 
simple unstabilized bias circuit shown in Fig. 9. 
R, was adjusted for different collector currents 
and the system was permitted to heat up. Meas- 
urements of power and junction temperature in . 
the stabilized condition enabled the calculation 
of the system thermal resistance, K. Measure- 
ments for two conditions of power are described 
here. 


A. STABLE 

The base resistance, R,, was set for a collector 
current of 150 ma when the circuit is first turned — 
on, i.e., when the mounting base of the transistor 
is at 25°C. Large signal current gain is 67 at this 
current. The collector current, collector to emitter 
voltage and mounting base temperature are plot- 
ted in Fig. 10 as a function of time. The drop in col- 
lector voltage is attributed to discharge of the 
supply battery. At equilibrium the collector dissi- 
pation is 17(.253) — 4.3 watts. The thermal resist- 
ance from the mounting base to the ambient is 
then (55-25) /4.3 = 6.98°C/W. The manufacturers’ 
value for thermal resistance between the mounting 
base and the junction is 2.2°C/W, maximum. I:, 
measurements indicated it was closer to 1°C/W on 
this unit. Therefore, take the total thermal resist- 
ance as 8°C/W. 


T; can now be evaluated using the terminal value of 


V es 
T = 25°C + (17 volts) (.15 amps) (8°C/W) 
= 45.4°C 


45.4—55 


Therefore, I.,/7, = (1X 10-3) e lerrre Bs eae = = 0.513 ma. 


Finally, SKEI,,/7, = (70) (8°C/W) (17 volts) 
(0.513 X 10-3 amps) 
= 4.88 
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com Fig. 4 a system with this value of SKEI«|r; 
ik ould stabilize at a junction about 10°C above 71, or 
».4°C. This corresponds to a mounting base tempera- 


re of 51.1°C. The collector current at equilibrium 
t.ould be 


by = i; a STI.,/ 55.40 
= 150 + 70 (1X10-%) = 223 ma. 


eferring to the experimental curves, the equilibrium 
@mperature and current show fair correlation with 
1ese calculated values. 


B. UNSTABLE 


Yhe value of R, was adjusted for an initial i herr 
3 °C) value of 208 ma. Large signal current gain 71. 
#leasured quantities behaved as shown in Fig. 11. 


This test was discontinued to prevent damage from 
e incipient runaway. The collector to emitter volt- 
ge remained substantially constant at 16 volts. 


pi: = 26°C + (8°C/W) (16 volts) (.2 amps) = 51.6°C 


51.6—55 


VT.,/7, = (1X10-*) e ** = 0.79 ma 

Ynally, SKET,,/r, = (71) (8°C/W) (16 volts) (0.79 ma) 

= 7.18, which exceeds the critical 
value of 5.3. 


Hence it is to be expected that this system would not 


Appendix 


Vi — By +1; Ri = Is TI, Rr 
V,.=f,4+,Rr +12 Rx 


feb. V2 = Ve, Va Veoh = 0, Is =al, + Ic, = Te, I, = —I,: 


a By 


1 
I. = {| _——_ }) + L., | — 
F & a )t (; ss) 


11 


y, =| Be eRe) +H (aRe~ Rey], (ak _ 
Ry —akr Ri, —akp 


The power dissipated in the transistor is: 
P; i 9 Vole 


ma | % E, (Eo(Ru —akr) + ila Roe — Rr)| 
ia (Ri: — a Rr)? 


(Riu —a Rr)? 


wee aah |’ 
0) (Ru — a Rr)? 


where AR = Riu Ro — Rr? 


I E E,AR + Riu [He (Riu a a Ry) ai Ey (a Ro» oe ‘all 
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Fig. 8—An open loop current gain of unity used in the 
calculation of S:. 


Fig. 9—Unstabilized bias circuit used in experimental 


verification. 
Tmb 
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Fig. 10—Plots of collector current, collector to emitter 
voltage, and mounting base temperature versus time for 
the stable case. 
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Fig. 11—Variation of collector current and mounting 
base temperature with time for the unstable case. 


The approximation that the emitter to base voltage is zero is 
made above when V, = V,, is set to zero. The equation involved is 


BE, —Vey = —(i Ru t+ 12 Rr), 
from which the approximation may be more precisely defined as 
Veo <K Fi. 


In other words, the emitter to base voltage must be much less 
than the d-c voltage seen looking into the bias network at the 
emitter—base terminals with the transistor out of the socket, i.e., 
the open circuit Thevenin input voltage. 

For the example given in page 12, E, is 45 volts. Therefore the 
approximation is certainly valid. 
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A Glass Transistor Enclosure 


ROGER K. 


At the 1958 Radio Engineering Show an all glass transistor enclosure was shown to the 


WHITNEY* 


i i i de possible through the use 
iconductor industry.1 The final closure of this unit was ma : : 
bin petted Eunice wort technique. Licenses are eee so aces ae eed 
es 3 ; $ ‘ £ 
ice manufacturers can utilize this process. The localized eating achieve ; 
ice ae exceed the stringent temperature limitations of sensitive renee 
assemblies. This article will describe the basic technique that was used to make this a 


glass enclosure possible. 


RINCIPLES of electrical heating and working 
; of glass were developed by Dr. E. M. Guyer of 

the Corning Glass Works. The following de- 
scription in his patent describes the electric heating 
phenomena that are utilized. 

“It has been known to those skilled in the art that glass can 
be heated by passing a current therethru once it has been 
heated to a sufficient temperature. Actually, several factors 
besides temperature have a part in determining whether or not 
glass will conduct electricity. These are the voltage and fre- 
quency of the impressed potential, the wave shape, if an alter- 
nating potential be used and the composition and geometry 
of the piece of glass. This conduction is entirely apart from 
the disruption of glass at high voltages by puncture. As the 
frequency of a given impressed voltage goes up it becomes in- 
creasingly easy to pass a current of electricity through the 
glass. Advantage may be taken of this phenomena by lowering 
the impressed voltage or operating on glass at a lower tem- 


perature. Accordingly, it is possible to strike directly into . 


glass at room temperature if sufficiently high frequencies and 
voltages are employed, but sources of such potentials are diffi- 
cult and costly to provide, and it is usually preferable to lo- 
cally heat the glass through which it is desired to pass a cur- 
rent to lower the frequency and voltage relationship at which 
it will become conducting. 

“The fact that glass must be heated by some auxiliary means 
before it will become conducting at most available voltages 
and frequencies, has materially limited the application of heat- 
ing by electrical conduction in the glass working art. Such few 
applications as have been made, have been confined primarily 
to furnaces, but there the tendency of current to channel along 
the already hottest path has proven a major obstacle. In the 
present invention this tendency of the current to flow along 
the hottest paths has been utilized to create hot zones in glass 
of very restricted area. In order to render the glass conducting, 
it is first heated by passing a spark discharge between two 
electrodes along the surface of the glass in the region where 
it is desired to form the hot stripe... . As the glass along this 
line is raised in temperature its resistance is lowered until it 
becomes less than the air gap across its surface at which time 
it commences to carry current. From this time on, heat is de- 
veloped in the glass very rapidly since as the temperature goes 
up the current increases, and heat is developed as a function 
of the square of the current... . 

“The process of heating glass has many advantages over any 
hitherto known in the art. It is far more rapid than any form 
of convection, radiation, or conduction heating in which heat 
is developed in some external source and transmitted to the 
glass. .. . Due to the simultaneous generation of heat all along 


* Corning Glass Works. 

1 Corning Glass Works Announcement. 

?E. M. Guyer: “Glass Heating and 
Working,” Patent Number 2,306,054. 
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Photo showing comparative size of enclosure. 


the path of current flow it is possible to obtain uniform tem- 
perature conditions throughout the entire heated stripe and so 
eliminate hot spots and boiling. 

“A further advantage of this type of heating is that the maxi- 
mum temperature to which the glass is raised may be easily 
and accurately controlled. .. 2” 


Enclosure Design 


Combining the advantages outlined in this patent 
with certain physical dimensions and geometric con- 
figurations provided the solution to glass encapsula- 
tion of transistors. 

Since the Corning Glass Works is not a manufac- 
turer of semiconductor devices, it was deemed ad- 
visable to design an enclosure which could be used 
with a minimum amount of difficulty by device man- 
ufacturers, For this reason, the JETEC Group 30 
diameter and lead configuration were selected as 
being the most widely and commonly used through- 
out the industry. Although the JETEC Group 30 form 
factor is not present in this glass unit, the diameter 
of the bulb and the lead configuration of the stem are 
compatible with existing standards (see Figs. 1 and 2). 

The stem configuration is such that it can be fab- 
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#.cated on conventional stem machines already in use 
ly the electronic tube industry. Wall thicknesses for 
‘oth the bulb and stem were kept as thin as is con- 
stent with good mechanical strength. The thin walls 
‘low a minimum amount of heat to be applied in the 
Jhortest interval of time and still achieve a good seal. 
vhe “cup” shape of the stem provides sufficient dis- 
eance from the seal area to the sensitive device so 
‘nat its critical temperature is not exceeded. The re- 
sultant internal volume of gases in the unit, which 
c yecomes heated somewhat, provides enough positive 
®ressure after closure to round out the inside contour 
it the sealed area. 


aterials 


A question was posed as to what lead material and 
#Jass composition should be used. Both must be inex- 
™ensive and suitable for large volume production to 
“he accuracies required. In addition, the materials 
hould be familiar to the semiconductor industry. For 
Mseveral years diode manufacturers have been encap- 
sulating their devices in Corning 0120 Glass and using 
mDumet, or equivalent alloy, leads. The reliability of 
ese materials is well known throughout the elec- 
tronic industry and both are inexpensive. 


abrication Equipment 


At this writing all sealing work has been done with 
the simplest of equipment. In this way the funda- 
mental operation can be studied and perfected with- 
out the encumbrance of complicated machinery. 
Basic equipment used: 

1. Glass working lathe, positive drive for head 
stock and tailstock with tool support and tail- 
stock movable along the lathe bed. Spindle 
speeds of 120 to 140 rpm were most satisfac- 
tory. 

2. Transformer 

115 volt primary 

60 cycle 

15,000 volt secondary 
450 VA 

3. Variable reactor (General Radio Company 
V20H or equivalent) 230 volt, 8 ampere rating. 
Actually, the maximum output of this unit is 
greater than the primary windings of the trans- 
former should handle. 

4. Two tungsten electrodes .080” diameter shar- 
pened to a point. 

5. Appropriate insulators to mount electrodes to 
the lathe tool support. 

6. Shielding and protective devices to prevent the 
operator from accidentally contacting the high 
tension side of the circuit when the power is 
on. The lathe itself is grounded. 

7. A foot switch in the primary circuit was found 
to be more advantageous than a hand operated 
switch. 

8. A carbon or Graphitar tool is mounted on, but 
insulated from the lathe tool support. The basic 
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Fig. 1—Bulb Dimensions. 


O17 OR .0O20 DIA. DUMET 
LEADS — SPACED AT SO° 
ON .200 *#-9'°9 DIA. CIRCLE 


Fig. 3—Assembled Unit. 
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Fig. 4—Relationship of glass, electrodes, and tool. 


bj ae 
+ i: f ELECTRODES 


Fig. 5—Electric sealing circuit. 
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shape of this tool is shown in Fig. 4. It is ac- 

tuated manually by an insulated linkage. 

9. A brass collet is used in the headstock to hold 
the bulb. This collet is insulated from the head- 
stock, but is of sufficient size to act as a heat 
sink. The inside diameter of this collet (.330”) 
results in the bulb being gripped by a force fit. 
The collet is slotted to provide allowance for 
slight variations in bulb diameter. An insulated 
pushrod through the headstock is used to re- 
move the bulb from the collet. 

The stem leads are held by a metal holder 
which is supported in, but insulated from the 
tailstock. This holder grips most of the free 
lead length, and is itself a heat sink as well as 
a common electrical junction for the leads. 

The relationship of the glass parts, the electrodes, 
and the tool at the start of the heating operation are 
shown in Fig. 4. The electrical circuit is indicated in 
Fig. 5. 

Low frequency (60 cycle) equipment was selected 
due to its initial low cost and ease of procurement. 
High frequency equipment has not been fully utilized 
to date. 


10. 


J Caution: Voltages used in this circuit are lethal. Under no } 
circumstances should human contact be made with “HOT” 
i, elements. Be sure all insulators and shields are adequate. 


Procedure and Technique 


The detailed steps of the sealing operation follow. 
A bulb is inserted into the collet, closed end first, to 
sufficient depth to allow one eighth of an inch at its 
open end to be exposed. The stem is inserted in its 
holder and gripped by approximately one inch to one 
and one quarter inches of the free lead length. 

Initially, it was felt that an insulating shield should 
be used between the leads and the inside diameter of 
the stem. This shield would prevent undue heating 
of the leads by the arc. Recent work has revealed that 
this Vycor tubing shield is not necessarily needed to 
make good units. 

The bulb and stem are brought together so that the 
plane of the open end of the stem is .015” to O25. 
inside the plane of the open end of the bulb (see Fig. 
4). The outside diameter of the stem should be con- 
centric with the inside diameter of the bulb. This fea- 
ture is actually built into the accuracy of the lathe 
and the appropriate holders. Fair seals can be made 
with bulbs and stems eccentric to one another, but 
optimum results require good. concentricity. 

The electrodes are adjusted so that their included 
angle is less than 180°. Good results have been 
achieved with angles of 120° to 150°. Experience has 
shown that non-uniform heating results if the elec- 
trodes are placed diametrically opposite one another. 
The plane of the center line of the electrodes is co- 
incident with the plane of the open end of the bulb. 
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: 
The tips of the electrodes are adjusted so that a 0257— 
035” clearance is maintained around the bulb (see 
Fig. 4). 

ay carbon tool is designed and counter balanced 
so that only a small force is exerted on the glass. This 
amounts to one-fourth to one-half an ounce. The tool 
ing action is by the weight of the tool itself. This ac- 
tion is applied intermittently to reduce the chill effect 
of the tool. The 30° angle at the tool face forces the 
softened bulb glass into contact with the stem glass 
(see Fig. 4). 

With the glass parts, electrodes, and tool in the 
proper position, heating and sealing can be accom- 
plished. The initial setting of the variable reactor is at 
60 volts. This unit is wired in the circuit so that its 
output is of the same magnitude as its scale reading. 
With the circuit closed, the arc travels across the air 
gap between the electrodes. The “splash” of this are 
plus radiation preheats the glass and brings it up to 
a temperature where the resistance of the glass is less 
than that of the air gap between the electrodes. In the 


case of 0120 glass, this temperature is in the 500° to © 


600° Centigrade region. If a much higher preheat 
voltage is used, non-uniform heating of the glass is 


encountered. This uneven heating produces incom- — 


plete seals later in the process. The preheating phase 


of the cycle takes 6 to 7 seconds. At the end of this’ 


time the variable reactor setting is increased to 130 


volts according to the schedule outlined below. Since 
the glass has been brought to conducting tempera- — 


ture, the arc now strikes into the bulb and raises its 
temperature to the working point of 975° to 1000° 
Centigrade. At the proper time, (see schedule), the 
tool is. brought intermittently into contact with the 
bulb to roll the bulb diameter into intimate contact 
with the stem. This intermittent tooling is continued 
until the end of the cycle when the power is turned 
off and the seal is completed. 


Time-Voltage Cycle 


Time (Seconds) Voltage Action 
0 60 Preheat 
6 60 Preheat 
7 80 Heat 
14 100 Heat 
16 130 Heat 
IY 130 Tool and Seal 
20 0 Complete 


In developing this technique, temperature sensitive 
compounds were employed to indicate actual tem- 
peratures achieved. The three leads were bent in such 
a way that they pointed to a common center inside the 
envelope. At this intersection, the ultimate location 


of the germanium or silicon crystal, a drop of | 
“Tempilaq’”? was applied and dried. This material _ 


changes color when it reaches an instantaneous tem- 


"Manufactured by Tempil Products, New York City 
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© perature of 150° Centigrade or a sustained tempera- 
i ‘ture of 140° Centigrade. Units have been sealed 
| without causing the Tempilaq to change colors. 

v Z A small quantity of Dow Corning DC4 silicone 
, Srease was introduced into the bulb to dissipate any 
™ excessive heat encountered during sealing that might 
34 reach the Tempilagq, or the device itself in the case of 
4 an actual transistor. Seals using actual transistors 
9) were made with and without this silicone grease. In 
@ both cases the devices proved to be good units. The 
) addition of grease or a potting compound will ob- 
# viously increase the power dissipation rating of the 
unit. It is important that the surfaces to be sealed be 
4 free of this grease or potting compound. 

' No annealing of the completed seal has been in- 
_cluded. Such an operation, to be effective, would 
| necessitate that the whole assembly be raised to 440° 
or 445° Centigrade and held for a period of time that 
would destroy the unit which has been so carefully 
encased in glass. Sealed and unannealed samples have 
been severely abraded without evidence of failure. 


and typical values. 


pulse circuitry by reason of their excellent 

switching properties, low power consumption, 
small physical size and high reliability. In this section 
some typical switching circuits are described and 
design formulae given. 


t YRANSISTORS have found wide application in 


*Mr. Carlson is a Transistor Applications Consultant for CBS- 
HYTRON Semiconductor Operations, Lowell, Mass. This article 
is part of a project to produce a series of articles covering tran- 
| sistor parameters and circuitry and has been released by CBS- 
- HYTRON for publication in Semiconductor Products. 


/ 1R. L. Pritchard, “High Frequency Power Gain of Junction 
| Transistors,” Proc. of the I.R.E., Vol. 43, Sept. 1955, p. 1075. 
| L. J. Giacolletto, “Study of p-n-p Alloy Transistors from D-C 
' through Medium Frequencies”, R.C.A. Review, Dec. 1954, p. 506. 
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Throughout this discussion of the sealing procedure 
and technique, no mention has been made of a flame. 
None is required. An arc is used to preheat the glass, 
and the arc is used to heat the glass to working and 
sealing temperature. As a result no products of com- 
bustion are introduced into the final enclosure. Since 
no flame is utilized, one can readily visualize that such 
a process can be done “under a bell jar’ or under 
closely controlled atmospheric conditions. 


Conclusion 


The discussions in the previous sections have out- 
lined the principle, design, material, equipment, and 
technique considerations for successfully encapsulat- 
ing transistors in glass. As with any new process, once 
the initial breakthrough has been made, numerous 
unforeseen problems arise. It is not the intent of this 
article to indicate that all the work on this process 
has been done. Such is not the case. Further efforts 
to perfect inexpensive glass enclosures will require 
the cooperation of the semiconductor industry. 


‘Transistor Switching Circuits 


PARI 
A. W. CARLSON* 


The purpose of these articles (given in two parts) is to provide description, precautions, 
formulae, and circuits that may be required by the circuit designer. A discussion is pre- 
sented on the relationship of switching properties to the small signal equivalent circuit, 
and the problems of carrier storage and the avoidance of this condition. Also included in 
this installment is an analysis of multivibrator operation illustrated by circuits and wave- 
forms. The first part gives a description of free-running multivibrator operation, both 
saturating and nonsaturating types. The second part is about one-shot multivibrators and 
their trigger pulses with amplitudes of voltages and currents for on-off conditions, biases, 


Some of the desirable properties of a switching 
transistor may be related to the small equivalent cir- 
cuit shown in Fig. 1 which, although only a simple 
approximation, is valuable in considering transient 
effects. For high speed switching it is desirable that 
the current gain (a or B) be high and that Cg and 7,’ 
be low. For example, it may be shown that the maxi- 
mum (radian) frequency at which the transistor can 
oscillate is given by" 


Xo Weo 
Wmax — 4. Te! G 
ec 


for alloy junction transistors. It is apparent that there 
is a close correlation between parameter values lead- 
ing to a high maximum frequency of oscillation and 
those giving high speed switching. 
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Carrier storage is an important consideration in 
high speed switching circuits, particularly in flip- 
flops, multivibrators and other circuits in which a 
transistor may be in the conducting state for an ap- 
preciable period of time. Difficulties with carrier 
storage come about when the transistor is operated 
in the saturated region (both emitter and collector 
junctions forward biased), resulting in high minority 
carrier density at the collector. When the transistor 
is turned off, it is found that there is an appreciable 
delay, with the collector junction remaining a low 
impedance, until the minority carrier density at the 
collector junction has dropped to zero, allowing the 
transistor to enter the active region for the comple- 
tion of the turnoff transient. The delay time, due to 
minority carrier storage, increases as the transistor is 
driven harder into the saturated region, and may be 
of the order of several microseconds. The problem of 
carrier storage may be avoided by preventing opera- 
tion in the saturated region. 

In establishing the d-c relationships in the circuits 
to follow, some simplifying assumptions will be made: 

1) when the transistor is cut off, it will be con- 
sidered removed from the circuit; 

2) when the transistor is in the active region, the 
emitter and base terminals will be considered tied to- 
gether, and the collector junction represented by a 
current generator aI or BIg in series with the col- 
lector terminal and base and emitter terminals (as in 
Fig. 2); 

3) in the saturated region the transistor is consid- 
ered as having all three terminals tied together. 

These approximations are valid in establishing d-c 
relationships under the following conditions: 

1) the reverse collector and emitter resistances are 
very high compared to external resistances; 

2) the internal base to emitter resistance is small 
compared to external resistances; 

3) in the saturated condition the collector imped- 
ance is low compared to external collector load and; 

4) Ico is so small that it may be neglected. 


@o=LOW FREQUENCY 
CURRENT GAIN. 


B “Co= RADIAN ALPHA 
CUTOFF FRE- 
QUENCY. 


Fig. 1—Small signal equivalent circuit. 
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The circuits to follow are for n-p-n transistors, for | 
p-n-p types all supply voltage, diode, and waveform 
polarities are to be reversed. Otherwise, the circuits 


apply for both types. 


Multivibrators 


In Fig. 3 typical free-running multivibrators are 
shown, one of the saturating type and one of the non- 
saturating type. The saturating type may be satisfac- 
tory for low repetition frequencies of a few tens of 
kilocycles whereas the nonsaturating type will oper- 
ate at repetition frequencies in the hundreds of kilo- 
cycles dependent upon the frequency response of the 
transistors. For example, repetition frequencies of 
about 500 kilocycles may be achieved with the 10 
megacycle CBS 2N440. 

Since the operation of the nonsaturating circuit is 
essentially the same as that of the saturating cicruit, 
the saturating circuit will be used to describe circuit 
operation. Fig. 4 shows waveforms in an unsymmetri- 
cal multivibrator. 

The operation of the multivibrator may be ex- 
plained as follows: Assume that T; (Fig. 3a) has just 
been switched on and T» off. C; charges toward Voc 
through Ry,» and, if given sufficient time, the voltage 
across C; becomes approximately Voc. The base of T2 
is held negative (reversed biased) with the base volt- 
age rising toward Vyz2 as C2 is discharging through 
Ryo. When the base voltage of Ts becomes slightly 
positive (and the voltage across C2. approximately 


@l_e 


le 
E aid C 
I 
B 
Blip 
le a 
fe ——> C 
B 


Fig. 2—Approximate equivalent circuits for active region 
(used for d-c calculation). ; 


zero), Ts» switches on and T,; is turned off. The base — 
of T, is driven negative by about Vog volts (if C; is 
initially charged to Voc) holding T, off until C, has 
discharged. During the time that T, is held off, Co is 
being charged toward Veo through R,,. The base volt- 
age of T; rises exponentially toward Van: and, when 
the base becomes slightly positive (voltage across C; 


approximately zero), T; turns on and Ts off. The 
cycle then repeats. 


Under the assumptions that 


Rr Co <« Rrpy C, and Rio Cus Reo Co, (1) 
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| (which implies that during the time T, is conducting, 

- Cs is charged to Voc; and during the time T; is con- 
ducting, C; is charged to Voc), the conducting pe- 
riods and the repetition frequency may be easily ex- 
pressed. 

These assumptions usually apply in practice. It is 
not necessary that R71 C2« Ry Cy, for example, for 
the circuit to operate; if the inequality does not hold, 
it simply means that C. may not become fully charged 


_ during the time T, is conducting, and although the 


conducting period is easily determined and expressed, 
it becomes very difficult to evaluate. 


+ 
vee 


(A) SATURATING CIRCUIT 


Ge DIODES 
Re2 


—— VBB! = VBB2 


NOTE: THE TWO SERIES 
DIODES IN EACH BASE CIR- 
CUIT MAY BE RF PLACED BY 
ASINGLE SILICON DIODE. 


(B) NON-SATURATING CIRCUIT 


Fig. 3—Free running multivibrators. 


The following inequalities result from the require- 
ment that the transistors, when turned on, are driven 
to the low impedance state: 


Vec 


> 
Rie 


Ver, V bey 


SESE Bs —— 
Rey Rin * Rae 
Assuming that inequalities (1) and (2) hold, the on 


times of the transistors and the period of oscillation 
may be expressed as follows: 


i and (2) 


Veo + Vepe 


On time for 7; = Rg C2 In - (3a) 
V BBg 
Vere V 
Oe on Ts Rs 0 —— (3b) 
BB, 


? This method of preventing saturation was developed by R. H. 
Baker, of M.I.T. Lincoln Laboratories 
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+Vcc 
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Fig. 4—Collector and base voltage waveforms in 
free running multivibrator. 


Veo t+ Van, 


BB, 


Period of oscillation = Rp; C; In 


Vec+ V apy 


RCH (3c) 


BB, 
If, as is frequently the case, the base resistors are 
returned to Vcc, then the on times and the period of 
oscillation become: 


On time for T; = .692 Rg2 Ce (4a) 
On time for JT, = .692 Rai Ci (4b) 
Period = .692 (Rai C1 + Raz C2) (4c) 


If the circuit is symmetrical, Rg; Ci; = Rge Co, and the 
period becomes 1.384 R;C. 

In the circuit of Fig. 3b, saturation is prevented by 
the diodes in the collector and base circuits.2 When 
one of the transistors is on, the base current flowing 
through the series diodes produces a voltage drop of 
a few tenths of a volt. When the collector junction 
voltage drops below the voltage across the series 
diodes, the diode at the collector is forward biased and 
tends to clamp the collector junction at a few tenths 
of a volt of reverse bias. The diode at the collector 
circuit should be of the point contact type to minimize 
carrier storage due to the diode. The two series ger- 
manium diodes may be replaced with a single silicon 
diode, as silicon diodes have a larger voltage drop 
when forward biased. Except for the small voltage 
drops due to the diodes, the circuit of Fig. 3b operates 
in the same manner as that of Fig. 3a and the same 
equations apply. 

Due to the finite forward resistance of the diode in 
the collector circuit, it is possible for the circuit of 
Fig. 3b to be saturated if driven hard enough. It is 
interesting to observe that, when saturation occurs, 
it is frequently possible to obtain relatively high fre- 
quency oscillations once they are started. This is be- 
cause at high frequencies there is not enough time for 
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the carrier concentration to build up to the degree 
necessary to stop the operation of the circuit. This, of 
course, has little practical value, because a multivi- 
brator that does not start by itself but has to be 
shocked into oscillation would be extremely annoy- 
ing. The remedy, when this effect is observed, is to 
go to a non-saturating circuit or, if observed in the 
circuit of Fig. 3b, to reduce the base drive by increas- 
ing the value of the base resistors. 

In the expressions for the conducting periods of 
the transistors, it is seen that for given values of 
supply voltage, resistance and capacitance in the cir- 
cuit the periods of conduction may be controlled by 
the base voltages; for example, decreasing Vz, in- 
creases the on time of T2. However, as the period is 
increased by decreasing the base voltage, a larger 
portion of the exponential rise in base voltage is used, 
and the base voltage approaches the switching level 
(slightly positive voltage) more slowly, making the 
circuit more susceptible to random disturbances caus- 
ing jitter. For freedom from jitter, it is better to re- 
turn the base resistors to a high voltage and use only 
a small portion of the base voltage exponential rise. 

As an illustrative example, suppose that a sym- 
metrical multivibrator having a repetition frequency 
of 50 kilocycles and a peak collector current of 5 mil- 
liamperes with a 6-volt supply voltage is to operate 
with transistors having large signal collector-base cur- 
rent gains greater than 30. With a 6-volt supply, the 
output voltage swing at the collector will be approxi- 
mately 6 volts, and a 5 ma collector current is ob- 
tained with an R, of 1.2 kilohms. The base resistors 
will be returned to the supply voltage. Thus, from in- 
equality (2), Re < 30R;, or Ry < 36K to get a full 
6-volt collector swing with a transistor having a large 
signal current gain of 30. A 50 kilocycle repetition 
frequency corresponds to a period of oscillation of 20 
microseconds (P = 1/F). From equation (4c) for Rp; 
(OF = Rze Co, one obtains RzC = 20/1.384 = 14.5 mi- 
croseconds. Rg should be less than 36 kilohms, but 
should be much larger than R, (from inequality 
(1)). Suppose Rz is chosen as 25 kilohms, then C 
should be 580 micro-microfarads. Since carrier stor- 
age effects can be troublesome at this frequency, the 
circuit of Fig. 3b should be used. The resulting circuit 
is shown in Fig. 5. 

A one-shot multivibrator is diagrammed in Fig. 6. 
In this circuit T; is normally on, with a forward bias 
provided by Rp: and Vz, and Te is normally off due 
to reverse bias voltage Vzp2. When the circuit is trig- 
gered at one of the several possible points shown, T, 
is turned off to produce a positive pulse at its col- 
lector and T2 is turned on producing a negative pulse 
at its collector. The duration of the pulse is given by 


Wadia 
i, 4S eM Ot ie ea ata (5) 


Vee, 


provided there is sufficient time between trigger 
pulses for C, to charge to Vog. 
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580 UUF 


580 UUF 


Fig. 5—50 ke symmetrical multivibrator. 


T, is shown with a diode network to prevent satu- 
ration. This serves to make triggering with narrow 
pulses easier. Ts, which is normally off, may be al- 
lowed to saturate during the pulse interval without 
causing the circuit to cease functioning; for no matter 
how long a delay in turn off due to carrier storage, T» 
will eventually switch off. If the delay in turn off of 
Ts is excessive, then T2 may also be made nonsaturat- 
ing. 

When T; is switched off, the collector voltage rises 
to approximately Vcc, and the base of Ts is forward 
biased through R», overcoming the reverse bias of 
Vex. Co is present only to speed up the switching 
transient and does not affect the pulse dimensions. R» 
should be large compared to R;; to minimize loading 
of the collector of T}. 

The relationships between R,, Rs and Vz» are deter- 
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Fig. 6—One-Shot multivibrator and voltage waveforms. 
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mined as follows: When T> is off (and T; on), the 
_ base voltage is given by 


q 
! 
i 
i 


i 


ig —Vapy Re 


Off base voltage of T, = ——?— (6) 
Ri + Rp 


__ The off base voltage given by (6) is a measure of the 
trigger required at the base of T» to cause the circuit 
to switch. For easy triggering this voltage should be 
low, but at the same time it should be large enough 
to prevent noise or spurious pulses from triggering 
the circuit. Its value then will depend upon the cir- 
cumstances of its application. 


When T» is on and T; off, the base current is given 
by, 


Ip. = po = vas (7) 
Rs Ry 


l.2K 


Fig. 7—One-Shot multivibrator producing 10 micro- 
second pulse. 


where it is assumed that Re is much larger than R;; 
(otherwise replace Rs with R;; + Re). To fully drive 


T 2, Blee > or 
L2 
Vee VpBs Vee —— 
B — > ($a) 
Rs R, Rr 
Vaz, Veo 
If «K , then (8a) reduces to 
R, Rs 
Ro< BR Sag ad (8b) 
; PX RB: Rs 


Equation (6) and inequality (8b) form a basis for the 
choice of values of R;, Ro, and Viz2. Ry: is determined 
from inequality (2). 

As an example, a one-shot multivibrator producing 
a 10 microsecond pulse is derived. The assumption is 
~ made that the supply voltage is 6V and a 5ma swing 
in collector current is desired for both transistors. For 
reasons of noise immunity an off base voltage of —1 
volt is to be obtained from a 1.5 volt battery for Vzzz. 
The circuit is to operate with transistors having large 
signal betas of greater than 30. The values of Ry; and 
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Vecti: 
Fig. 8—One-Shot multivibrator operating from 
single battery. 


C,, Riri, Ry2 are exactly the same as for the 50 kc 
free-running multivibrator (where each transistor 
conducts for a period of 10 microseconds). There re- 
mains only the determination of R; and Re. From 
equation (6) one has 


Y hb tes 

ie Ry, Se Ry 

which may be solved for the ration of R; to Rez. and 
gives R,/R2 = 0.5. Substituting R; = .5 Re, Voo = 6V, 
Van2= 1.5, Ry2=—1.5K and p=30 inequality (8) 
gives Re < 18K. Choosing R2 as 18K (so that To is 
fully driven for } > 30) means that R; should be 9K. 
The resulting circuit is shown in Fig. 7. The trigger 
pulse should be short compared to the width of the 
pulse produced (which is 10 microseconds) . The value 
of Cs is not critical, its presence being only to speed 
up the switching transient by driving Ts hard during 
the initial part of its turn-on period. Typical values 
appropriate for C. might range from about 25 to 100 
micro-microfarads or more for transistors having cut- 
off frequencies of 10 to 5 megacycles. If the circuit is 
to be triggered in rapid succession, Cy. should be small 
enough for the voltage across it to reach its quiescent 
value between trigger pulses. 

The one-shot multivibrator may be modified to per- 
mit single battery operation as shown in Fig. 8. Here 
the emitter of T» is reverse biased by the voltage di- 
vider formed by R,; and Ry. Ry; should be small com- 
pared to R;» and Ry». If the amount of reverse bias 
placed on the emitter of Ts is small compared to the 
supply voltage, then Ry; and R2 may be determined 
from inequality (2), substituting Re for Rpgo and Veo 
for Vzre. The pulse duration may be determined ap- 
proximately from equation (5) with Voc substituted 
for Vpz1. The actual pulse width will be less than 
given by (5) due to the reduced swing in collector 
voltage of T, when Ry, is present. This reduction in 
pulse width may be compensated by an increase in C;. 

[To be concluded in the next issue] 


= ih 


37 


PATENT REVIEW" 


Of Semiconductor Devices, Fabrication Techniques and Processes, 
and Circuits and Applications Sept. 25, 1951 to Sept. 9, 1952 


Compiled by SIDNEY MARSHALL 


earing in this issue cover the inventions relevant to semiconductors from 
epee S 1951 to eS ianbee 9, 1952. Additional items for the 1948 and 1949 oe 
which appeared in the previous issue, are also included. In subsequent issues, patents pris 
from September 9, 1952 to date will be presented in a similar manner. After bringing ese 
abstracts up to date, PATENT REVIEW will appear every three months, the treatment given to 
each item being more detailed. 


September 25, 1951 

2,068,824 Semiconductor Unit For the 
Utilization of Electroadhesion;—K. Rah- 
bek; Assignee: None; A Device for util- 
izing the electroadhesion between con- 
tacting surfaces of bodies traversable by 
electric current. 

2,569,133 Series Capacitor Protective Sys- 
tem;—L. Podolsky; Assignee: Sprague 
Electric Co.; A capacitor protecting com- 
bination including a capacitor-shunting 
control circuit, and a protecting circuit 
including a rectifier. 

2,569,345 Transistor Multivibrator Cir- 
cuit;—R. F. Shea; Assignee: General 
Electric Co., A circuit in which a square 
tipped voltage wave appears between the 
collector electrodes of a first and a sec- 
ond transistor, said wave having a fre- 
quency equal to one-half the frequency 
of a positive voltage which is applied 
between a voltage source and the input 
voltage terminal. 

2,969,347 Circuit Element Utilizing Semi- 
conductive Material:—W. Shockley; As- 
signee: Bell Telephone Laboratories; A 
solid conductive device for controlling 
electrical energy that comprises a body 
of semiconductive material having two 
zones of one conductivity type separated 
by a zone of the opposite conductivity 
type. 


October 2, 1951 

2,969,570 Crystal Diodes and Point Con- 
tact Device;—H. F. Matare, A. Poilleaux; 
Assignee: Compagnie des Freins et Sig- 
naux Westinghouse. A point-contact ele- 
ment for crystal diodes. 

2,969,892 Crystal Contacts of which One 
Element is Mainly Silicon;—D. E. Jones, 
C. E. Ransley, J. W. Ryde, S. V. Williams; 
Assignee: Hazeltine Research Inc.; A 
silicon crystal element for a wave-signal 
translating device, said element compris- 
ing a body of highly pure silicon with 
a trace of aluminum and/or beryllium. 


October 9, 1951 

2,570,436 Crystal Controlled Oscillator;— 
E. V. Eberhard, R. O. Endres; Assignee: 
Radio Corporation of America; A crystal 
controlled oscillator comprising a three 
terminal semiconductor device. 
2,970,938 Variable Reactance Transistor 
Circuit;—H. C. Goodrich; Assignee: Radio 
Corporation of America; A variable reac- 
tance circuit employing a three terminal 
semiconductor device and means for 
biasing the three electrodes in a desired 
manner. 


38 


2,570,939 Semiconductor Reactance Circuit 
—H. C. Goodrich; Assignee: Radio Cor- 
poration of America; A variable reactance 
system comprising a resonant circuit and 
having an inductive and capacitive re- 
actance element. 

2,010,978 Semiconductor Translating De- 
vice;—W. G. Pfann; Assignee: Bell Tele- 
phone Laboratories; The semiconductive 
body of this device has two zones of op- 
posite conductivity type and a pair of 
rectifying connections, one connection 
to each zone. 


October 16, 1951 

2,971,458 Temperature Compensated Diode 
Measuring Circuits;—H. C. Lawrence, R. 
R. Freas, Jr.; Assignee: Radio Corpora- 
tion of America; A device comprised of 
an input means, a current responsive 
indicator, and a diode circuit. 

2,571,588 Alternating Current Rectifier 
of the Selenium Type;—G. H. Leland;— 
A selenium rectifier in which the heat- 
ing of the rectifier cells is so controlled 
that said rectifier will operate continu- 
ously for a relatively long time without 
overheating said cells. 

2,971,708 Reversing Magnetic Amplifier 
Control System;—W. L. Graves; Assign- 
ee: General Electric Co.; A reversing con- 
trol system consisting of a transformer, 
two rectifier circuits, and two reactance 
windings. 


October 30, 1951 

2,912,993 Crystal Contact Device;—R. W. 
Douglass, E. G. James; Assignee: The 
General Electric Co. Ltd.; A crystal con- 
tact device comprising a semiconducting 
element sealed in a glass envelope and 
two metallic members making point con- 
tact with the semiconductor. 


November 6, 1951 

2,073,818 Alternating Current Magnetic 
Amplifier;—K. Votruba; Assignee (par- 
tial): Czechoslovak Metal and Engineer- 
ing Works; An A. C. magnetic amplifier 
utilizing selenium rectifiers. 


November 13, 1951 

2,914,783 Rectifier Assembly;—L. K. Hed- 
ding; Assignee: Westinghouse Air Brake 
Co.; A rectifier assembly having a low 


current portion and a high current por- 
tion. 


November 29, 1951 
2,010,388 Electrical Rectifiers;—V. K. Kof- 


ron; Assignee: Vickers Inc.; A Magnesium 
—selenium rectifier cell, 


2,575,392 Method of Annealing a Selenium 
Coating;—C. E. Peters Assignee: Vickers 
Inc.; A method of annealing a selenium 
coating whereby the size of the selenium 
crystals become smaller and more uni- 
form. 

2,576,026 Electronic Switch;—L. A. Meach- 
am; Assignee: Bell Telephone Laborato- 
ries; A switching network comprised of 
a plurality of asymmetrically conducting 
devices each having an electrode con- 
nected to a junction point, an input 
connected to one of said devices, an out- 
put connected to another of said devices, 
control means to the remainder of said 
devices, and a source of direct current 
connected to said junction. 


November 27, 1951 

2,076,267 Preparation of Germanium Rec- 
tifier Material;—J. H. Seaff, H. C. The- 
uerer; Assignee: Bell Telephone Labora- 
tories: Germanium preparation by 
cooling a melt along an axis and remov- 
ing the end of the cooled ingot. 


December 4, 1951 

2,517,015 Switching System;—W. R. John- 
son; Assignee: Earle C. Anthony, Inc:; 
A switching system utilizing germanium 
or selenium rectifiers. 

2,977,151 Regulated Rectifying Apparatus; 
—J. A. Potter; Assignee: Bell Telephone 
Laboratories; A direct current power 
supply with a rectifier network that 
incorporates selenium rectifiers. 


December 11, 1951 

2,577,803 Manufacture of Semiconductor 
Translators;—W. G. Pfann; Assignee: Bell 
Telephone Laboratories; A method of 
improving the amplification of a semi- 
conductive translator having spaced point 
contacts. 


December 18, 1951 

2,579,336 Stabilized-Transistor Trigger 
Circuit;—A. J. Rack; Assignee: Bell Tele- 
phone Laboratories; An electrical trigger 
circuit utilizing a current multiplication 
three-terminal transistor and a unidi- 
rectional conducting element in series 
with the base electrode. 


December 25, 1951 

2,079,557 Counter-Electrode of Selenium 
Rectifiers;—T. E, Ebert; Assignee: West- 
inghouse Electric Corp; In a dry-type 
rectifier, the combination comprising a 


-forward electrode of selenium and a 


counter-electrode of an alloy composed 
of 45%-75% tin and 55%-30% zine. 
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2,579,590 Frequency Modulator;—B. E. 
“Lenehan; Assignee: Westinghouse Elec- 


. tric Corporation; A frequency modula- 


tion circuit that includes a full wave 
“rectifier, the resistance of which varies 


, as the current passing through it. 


2,580,027 Line-Contact Semiconductor De- 
vice;—H. Johnson; Assignee: Bell Tele- 
phone Laboratories; Two filamentary 
conductors are placed between two 
blocks of semiconductive material, said 
conductors being adjacent to one an- 
other and in intimate contact between 
the conductors and the semiconductive 
bodies. 


January 1, 1952 

2,581,124 Alternating Voltage Compression 
Network;—W. W. Moe; Assignee: Time 
Inc.; A circuit utilizing crystal diodes 
and designed to provide an electrical 
output that is accurately representative 
of the mathematical functions involved. 


January 22, 1952 

2,583,008 Asymmetric Electrical Conduc- 
ting Device;—K. M. Olsen; Assignee: Bell 
Telephone Laboratories; The device is 
made by preparing a germanium-anti- 
mony melt in which the antimony 
constitutes a fraction of one percent 
by weight of the total, and using a cop- 
per-alloy point electrical connection. 
2,583,009 Asymmetric Electrical Conduc- 
ting Device;—K. M. Olsen; Assignee: 
Bell Telephone Laboratories; A device 
comprising a slab of germanium having 
a 0.005 per cent antimony content and 
utilizing a 95% pure silver-alloy contact 
point. 


January 29, 1952 

2,583,681 Crystal Contacts of which One 
Element is Silicon;—F. H. Brittain, C. E. 
Ransley, J. W. Ryde; Assignee: Hazeltine 
Research Inc.; The method of manufac- 
turing consists of polishing the contact 
surface of the silicon, etching it with 
hydrofiuoric acid in order to form an 
oxide layer, and etching the surface a 
second time to remove most of the oxide. 


February 5, 1952 

2,584,461 Electrical Crystal Contact De- 
vice;—E. G. James, A. O. Lindell; As- 
signee: Hazeltine Research Inc.; A device 
comprising a tapered semiconducting 
erystal-contact element, a metallic con- 
tact element with a sharp edge condi- 
tioned to engage the tapered portion, 
a means for supporting the elements, a 
means for adjustment during assembly, 
and a means of insuring point contact be- 
tween the sharp edge and the tapered 
portion. 


February 12, 1952 

2,584,990 Transistor Counting System;— 
T. L. Dimond; Assignee: Bell Telephone 
Laboratories; The system is composed 
of a device for counting a definite num- 
ber of operations, storing and charging 
condensers, a fixed voltage supply, and 
a three-terminal transistor. 


February 12, 1952 

2,585,077 Control of Impedance of Semi- 
conductor Amplifier Circuits;—H. L. 
Barney; Assignee: Bell Telephone Labs; 
In an amplifier network a_ transistor, 
means for establishing proper bias con- 
ditions, an input circuit connecting the 
base and the emitter electrodes, an out- 
put circuit connecting the emitter and 
the collector electrodes, and a load; said 
output circuit having a value of effec- 
tive resistance such as to cause the input 
impedance of the network to have a de- 


_ sired value. 


2,585,078 Negative Resistance Device Util- 
izing Semiconductor Amplifier;—H. L. 
Barney; Assignee: Bell Telephone Lab- 
oratories; A device for which the tran- 
sistor parameters are determined by: 
Im ole + Tr. + Ah 
r b 
r.—emitter resistance 
r.=collector resistance 
r,=base resistance 
Yr,,—mutual resistance 


where 


February 19, 1952 

2,586,080 Semiconductive Signal Trans- 
lating Device;—W. G. Pfann; Assignee: 
Bell Telephone Laboratories; An am- 
plifier comprising a body of n-type ger- 
manium having in one face thereof 
spaced zones of p-type germanium, a 
row of point contacts and a group of 
contacts that alternately touch the n- 
type and p-type material. 

2,986,539 Metal Rectifier Assembly;—E. 
A. Harty; Assignee: General Electric 
Corporation; A self contained selenium 
rectifier cell utilizing a plate-shaped 
base electrode. 


February 19, 1952 

2,986,597 Oscillation Generator;—J. Bar- 
deen, W. H. Brattain; Assignee: Bell Tele- 
phone Laboratories; A device consisting 
of a block of semi-conductive material 
of which the body is one conductivity 
type and a thin surface layer, separated 
from the body by a high resistance bar- 
rier of the opposite conductivity type; 
two point-contact electrodes, a base elec- 
trode and means for feeding back energy 
from a work circuit to the input circuit 
to sustain self-oscillations. 

2,986,609 Point-Contact Electrical Device; 
—E. W. Burke, Jr. Assignee: Sylvania 
Electric Products Inc.; A semiconductor 
device including a semiconductor ele- 
ment and a point-contact element both 
embedded in a body of solidified poly- 
mer, said semiconductor body and _ its 
contact being joined to spaced leads 
banded to the polymer and extending 
therethrough to points of emergence. 


March 4, 1952 

2,588,008 Germanium Crystal Rectifiers 
and Method of Producing the Crystal 
Element Thereof;—D. E. Jones, J. W. 
Ryde; Assignee: Hazeltine Research Inc.; 
The method of producing a crystal rec- 
tifier by shaping a body of high purity 
germanium to form a crystallographic 
cleavage contact surface on said body 
and subsequentiy etching the contact 
surface. 

2,588,253 Alloys and _ Rectifiers made 
Thereof;—K. Lark-Horovitz, R. M. Wha- 
ley; Assignee: Purdue Research Founda- 
tion; A rectifying device made from 99% 
pure germanium and a trace of at least 
one element from the copper-silver 
group, said rectifier having a peak back 
voltage between 10 volts and 200 volts. 
2,588,254 Photoelectric and Thermoelec- 
trie Device Utilizing Semi-conducting 
Material;—K. Lark-Horovitz, S. Benzer, 
R. E. Davis; Assignee: Purdue Research 
Foundation; A device comprising a sin- 
gle body of germanium having several 
alternate regions of n-type and p-type 
conductivity. 


March 11, 1952 

2,588,806 Alternating Current Rectifier 
of the Dry Surface Contact Type;—R. 
H. Cubitt, R. G. Sell; Assignee: Westing- 
house Air Brake Co.; A hermetically 
sealed rectifier assembly containing two 
rectifying elements. 

2,588,956 Crystal Rectifier;--F. H. Brat- 
tain, E. G. James; Assignee: The General 
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Electric Co. Ltd.; A crystal rectifier con- 
sisting of an encapsulated semiconduc- 
ting crystal and a metal whisker which 
presses resiliently against the crystal 
surface. 


March 18, 1952 

2,589,658 Semiconductor Amplifier and 
Electrode Structures Therefore;—J. Bar- 
deen; Assignee: Bell Telephone Labora- 
tories: A three terminal semiconductive 
device with one electrode symmetrically 
disposed about another electrode. 
2,589,704 Semiconductor Signal Translat- 
ing Device;—W. E. Kirkpatrick, R. W. 
Sears; Assignee: Bell Telephone Labor- 
atories; A semiconductive body having 
an ohmic base connected thereto, a rec- 
tifying connection to said body, and a 
means of directing an electron beam 
against the body in proximity to the rec- 
tifying connection. 


April 8, 1952 

2,591,961 Transistor Ring Counter;—R. 
P. Moore, Jr., E. Eberhard; Assignee: 
Radio Corporation of America; A ring 
counter having several counter stages 
connected in a closed loop, each stage 
having a non-indicating, a primed, and 
an indicating condition. 

2,592,257 Hall Effect Device;—W. C. Dun- 
lap, Jr.; Assignee: General Electric Co.; 
A Hall effect device comprising a Hall 
plate, input electrodes, output electrodes, 
and an elongated conductor having a 
diameter less than the thickness of the 
Hall plate for producing a magnetic field 
perpendicular to the plane of said plate 
when a current is passed through the 
conductor. 


April 15, 1952 

2,592,683 Storage Device Utilizing Semi- 
conductor;—F. Gray; Assignee: Bell Tel- 
ephone Laboratories; The resistance of 
the metallic electrode that makes contact 
with the semiconductor is sensitive to 
the presence of electric charge. 


April 29, 1952 

2,594,336 Electrical Counter Circuit;— 
M. E. Mohr; Assignee: Bell Telephone 
Laboratories; A circuit including a plu- 
rality of variable resistance elements 
each having a characteristic including a 
predetermined range of quantities within 
which either of two stable states prevails 
for a-given operating condition. 

2,594,449 Transistor Switching Device;— 
R. J. Kircher; Assignee: Bell Telephone 
Laboratories; A sampling circuit which 
comprises a signal source, a signal util- 
ization circuit, and two transistors. 
2,595,052 Crystal Amplifier;—E. T. Casel- 
lini; Assignee: Sylvania Electric Products 
Inc.; Unit consists of a semiconducting 
crystal, a metallic mesh grid on the 
surface of the crystal, and catwhisker 
contacts to the crystal. 

2,595,208 Transistor Pulse Divider;—J. 
T. Bangert; Assignee: Bell Telephone 
Laboratories; An electrical trigger cir- 
cuit utilizing a three terminal transistor 
that is characterized by a ratio of short 
circuit collector current to emitter cur- 
rent greater than unity for a_ specified 
range, said circuit having been designed 
to respond to voltage impulses of the 
same polarity applied to a single set of 
input terminals. 


May 6, 1952 

2,995,232 Telephone Switching System 
Employing a Transistor;—P. L. Dimond; 
Assignee: Bell Telephone Laboratories; 
In a telephone system, a plurality of 
subscribers lines; a semiconducting de- 
vice including a plurality of emitter elec- 
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trodes engaging a base member; means 
for supplying voltage to said emitters 
under control of the line individual 
thereto; and means, connected in a cir- 
euit with the collector, responsive to a 
call from a subscriber line. : 
2,595,475 Electrode Support for Semi- 
conductor Devices;—K. M. McLaughkn; 
Assignee: Radio Corporation of Amer- 
ica; A device designed to present a crys- 
tal support that maintains a permanent 
alignment of the crystal with respect to 
the electrodes; to avoid close tolerances 
or matching parts; and to permit adjust- 
ment of the position of the crystal with 
respect to the point electrodes in order 
to provide the desired contact pressure 
before the parts are rigidly fastened. 
2,995,496 Cascade-Connected Semiconduc- 
tor Amplifier:;—W. M. Webster, Jr.; As- 
signee: Radio Corporation of America; an 
amplifier designed to have a high power 
gain and a much higher voltage gain 
than the combined voltage gain of the 
individual stages; to provide a device 
in which the input impedance of the first 
stage is of the same order as the out- 
put impedance of the last stage; and to 
present a three-electrode semiconductor 
amplifier as an impedance matching de- 
vice for another amplifier. 

2,995,497 Semiconductor Device for Two- 
Stage Amplifiers;—W. M. Webster, Jr.; 
Assignee: Radio Corporation of America; 
A device comprising a single semicon- 
ducting body of substantially uniform 
characteristics having a bifurcated base 
and individual electrodes to the separate 
surface areas of the base. 

2,995,780 Method of Producing Germa- 
nium Pellets;—W. C. Dunlap; Assignee: 
General Electric Company; The method 
consists of placing a germanium ingot 
in a crucible that has a small hole at the 
bottom, and heating the ingot above its 
melting point while in the presence of 
a gas inactive to germanium, the latter 
step causing molten droplets of ger- 
manium to be blown out of the hole. 


May 20, 1952 

2,597,000 Metal Rectifier Bridge;—G. G. 
Hyde; Assignee: Federal Telephone and 
Radio Corp.; A selenium rectifier bridge 
having four metal rectifier elements each 
having a conducting face and an oppo- 
site conducting face, said elements being 
arranged to form a rectifier bridge. 
2,597,028 Semiconductor Signal Translat- 
ing Device:—W. G. Pfann; Assignee: 
Bell Telephone Laboratories; The device 
consists of a body of semiconductive ma- 
terial having within it a limited zone 
of which the conductivity is different 
from that of the remainder of the body, 
and a base, emitter, and collector elec- 
trode. 

2,997,734 Electric Crystal-Contact De- 
vice;—E. G. James, A. O. Lindell; As- 
signee: Hazeltine Research Inc.; A de- 
vice designed to provide an electrical 
crystal contact that has accurate spac- 
ing between the contact points engaging 
the semiconducting crystal. 


June 3, 1952 

2,599,478 Apparatus For Making Devices 
Which Have Selenium As Constituent 
Parts Thereof:—C. E, Peters, D. W. Rau, 
A. H. Bruemmer; Assignee: Vickers Inc.; 
A machine for applying selenium to base 
plates, said machine utilizing means for 
providing advancements of uniform 
length and rests of uniform duration. 


June 10, 1952 

2,600,373 Semiconductor Translating De- 
vice;—A. R. Moore; Assignee: Radio 
Corporation of America; A system com- 
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prising a means for developing an elec- 
tron beam and directing it to impinge on 
a semiconductive body in the vicinity 
of a rectifying electrode. 


June 17, 1951 

2,600,500 Semiconductor Signal Trans- 
lating Device with Controlled Carrier 
Transit Times;— J. R. Haynes, W. Shock- 
ley; Assignee: Bell Telephone Labora- 
tories; A device comprised of a semicon- 
ductive body having an elongated portion, 
a base connection, an input circuit, a 
means for injecting charges of one 
polarity into the body, an output circuit 
and means for applying a potential which 
will cause the charges to accelerate. 
2,600,997 Alloys and Rectifiers Made 
Thereof;—K. lLark-Horovitz, R. M. 
Whaley; Assignee: Purdue Research 
Foundation; A point contact semicon- 
ductor device composed of 99% pure 
germanium with the remainder taken 
from the group consisting of vanadium, 
colombium, tantalum, and bismuth, said 
device having a peak back voltage be- 
tween 10 volts and 200 volts. 


July 8, 1952 

2,602,211 Rectifier and Method of Making 
It;—J. H. Scaff, H. C. Theuerer; Assignee: 
Bell Telephone Laboratories; The method 
involves preparing a germanium melt 
containing a trace of an impurity taken 
from the odd series of the fifth period 
of the periodic table, in an oxygen-free 
atmosphere, and cooling the melt to form 
an ingot having zones of differing elec- 
trical polarity. 

2,602,763 Preparation of Semiconductive 
Materials for Translating Devices;—J. H. 
Scaff, H. C. Theuerer; Assignee: Bell 
Telephone Laboratories; A method of 
producing germanium which comprises 
heating a germanium alloy at a series of 
temperatures between 400°C and 900°C 
and measuring the resistivity following 
each heating, further heating said alloy 
at a selected temperature in said range 
and cooling to make an alloy of the pre- 
scribed conductivity type. 


July 15, 1952 

2,603,692 Rectifier and Method of Making 
It;—J. H. Scaff, H. C. Theuerer; Assignee: 
Bell Telephone Laboratories; A point 
contact semiconducting rectifying de- 
vice encased in a housing of low di- 
electric constant insulating material. 
2,603,693 Semiconductor Signal Transla- 
ting Device;—R. J. Kircher; Assignee: 
Bell Telephone Laboratories; A  semi- 
conductive body having at one portion 
thereof, a region containing a greater 
concentration of impurity than the bulk 
of said body. 

2,603,694 Semiconductor Signal Transla- 
ting Device; R. J. Kircher; Assignee: 
Bell Telephone Laboratories; A device 
consisting of a semiconductive body of 
one conductivity-type, a means of de- 
fining a barrier to the flow of charge 
carriers of sign opposite to those normally 
found in the body said means compris- 
ing contiguous zones of like conductivity- 
type but of different conductivity. 


July 22, 1952 

2,604,496 Semiconductor Relay Device;— 
L. P. Hunter; Assignee: Westinghouse 
Electric Corp.; A relay device compris- 
ing a block of n-type semiconductive 
material having a small p-type inclusion 
on its face, said device having been de- 
signed to be triggered by either a positive 
or negative pulse or by thermal action, 
without changing the polarity of the cir- 
cuit parameters. 


2,605,306 Semiconductor Multivibrator 
Circuit—E. Eberhard; Assignee: Radio 
Corporation of America; A monostable 
multivibrator circuit utilizing two three- 
terminal semiconductor devices. 


co 


July 29, 1952 : : 
2,605,302 Direct Current Measuring Appa~ 
ratus;—T. R. Specht; Assignee: Westing- 
house Electric Corporation; An induction 
system for measuring direct current com- 
prising a pair of magnetizable core mem- 
bers, direct current conducting means, a 
pair of A.C. windings, and a dry-con- 
tact rectifier circuit. 


August 12, 1952 

9,606,405 Polishing Means and Method;— 
R. S. Ohl; Assignee: Bell Telephone Lab- 
oratories; A method of polishing a crys- 
talline material of the nature of highly 
pure crystalline silicon. : 
2,606,960 Semiconductor Translating De- 
vice;—J. B. Little; Assignee: Bell Tele- 
phone Laboratories; A device consisting 
of a pair of critically spaced wire con- 
tacts embedded in a plane-faced insu- 
lating block which in turn is brought into 
contact with the plane face of a semi- 
conductive body. 


August 26, 1952 

2,608,611 Selenium Rectifier Including Tel- 
lurium and Method of Making It;—J. N. 
Shive; Assignee: Bell Telephone Labo- 
ratories; An asymmetric conducting de- 
vice comprising a backing electrode, a 
thin layer of tellurium thereon, a sele- 
nium layer on the tellurium layer, and 
a front electrode contacting the selenium _ 
layer. 

2,608,679 Static Network;—R. L. Witzke; 
Assignee: Westinghouse Electric Corp.; 
The network, designed to prevent the 
field excitation of a generator from being 
reduced below the stable limit, is com= 
posed of an output-responsive measuring 
network and several dry-contact recti- 
fier arrangements. 


September 2, 1952 

2,609,427 Three-Electrode Semiconductor 
Device;—J. P. Stelmark; Assignee: Radio 
Corporation of America; The device is 
designed to permit higher than normal 
contact pressure between the semicon- 
ductor and its small area electrodes, 
thus decreasing the noise due to a varia- 
tion in contact pressure; in addition the 
device is designed to have improved 
mechanical stability and electrical char- 
acteristics. 

2,609,428 Base Electrode For Semicon- 
ductor Devices;—H. B. Law; Assignee: 
Radio Corporation of America; The base 
electrode of this device has a contact 
resistance which is lower than that of the 
other electrodes; by virtue of this fact 
it controls the potential of the bulk of 
the semiconductive body. 

2,609,429 Semiconduction Electrode Con- 
struction;—H. B. Law; Assignee: Radio 
Corporation of America; A semiconduc- 
tor device having two surfaces intersect- 
ing in an angle, two electrodes making 
point contact with each intersecting face, 
and an insulating member having an 
aperture through which the two point- 
contact electrodes pass. 


September 9, 1952 

2,610,234 Crystal Triode;—A. H. Dickin- 
son; Assignee: International Business Ma- 
chines Corp.; A crystal triode with low 
output impedance having a_ collector 
electrode which makes continuous live 
contact with one face of the crystal. 
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SEMICONDUCTOR & SOLID-STATE BIBLIOGRAPHY 


TITLE 


PUBLICATION 


CONDENSED SUMMARY 


AUTHORS 


) Protection of Sensitive Current 
Devices with Silicon Diodes 


® Microwave Applications of 


} Thermistors Part 2 


) Rectifier Power Nomogram 


' Reducing Standby Current with 
Silicon Diodes 


‘ Rectifiers in high voltage Power 
+ Supplies 


) With Zener Diodes the Curves 
/ Make all the Difference 


» Choosing Diodes for Typical 
pulse Systems 


Diode Packages and Junctions 


The Measurements of Transis- 
tor Voltage-Current Character- 
istics using pulse Techniques 


A Sensitive Defocusing Photo- 
Electric Pressure Transducer 


The Physical Interpretation of 
Mean Free Path and the Inte- 
gral Method 


_ A Full Binary Adder Employ- 
'ing Two Negative-Resistance 
Diodes 


Transistorized Sound Section 
for TV Receivers 


Transistorized TV Horizontal 
Deflection and High Voltage 
Systems 


Characteristics and Applica- 
tions of Low Impedance 
Diodes Used as Voltage Vari- 
able Capacitors 


Evaluation of Transistor Neu- 
tralization Networks 


Transient Response of 
| Phosphor 


' Conductive Ceramics 


Recent Advances in the Solid- 
State Electrolytic Capacitor 


Nonlinear Transfer Functions 
with Thyrite 


Analytical Design of Resistor- 


Coupled Transistor Logical 
Circuits 
A Multidecade Logarithmic 


Sweep 


Control Engineering 
July 1958 


Electronic 
23, 1958 


Electronic 
23, 1958 


Electronic 
23, 1958 


Electronic 
23, 1958 


Electronic 
23, 1958 


Electronic 
23, 1958 


Design July 
Design July 
Design July 
Design July 
Design July 
Design July 


Electronic Design July 
23, 1958 

Electronic Engineering 
(Brit.) July 1958 


Electronic Engineering 
(Brit.) July 1958 


IBM Journal of Re- 
search and Development 
July 1958 


IBM Journal of Re- 
search and Development 
July 1958 


IRE Transactions on 
Broadcast and TV 
Receivers June 1958 


IRE Transactions on 
Broadcast and TV 
Receivers June 1958 


IRE Transactions on 
Broadcast and TV 
Receivers 

June 1958 


IRE Transactions on 
Circuit Theory June 1958 


IRE Transactions on 
Component Parts 
June 1958 


IRE Transactions 
on Component Parts 
June 1958 


IRE Transactions 
on Component Parts 
June 1958 


IRE Transactions on 
Electronic Computers 
June 1958 


IRE Transactions on 
Electronic Computers 
June 1958 


IRE Transactions on 
Instrumentation June 
1958 


Forward characteristics of silicon diodes and re- 
verse characteristics of silicon Zener diodes, make 
these devices suitable for the job. 


Waveguide thermistor mounts, impedance match- 
ing, and r-f power measurements are discussed. 


Relates power dissipation, average rectified current 
into a resistive load, and dynamic resistance. 


Stabilization of transistor circuits with auxilary 
diodes. 


Practical considerations of rectifier characteristics 
in design and applications. 


Discussion of Zener characteristics and their sig- 
nificance in design work. 


Guide to proper selection of diode types in a 
particular system. 


Review of diode encapsulations, junction construc- 
tions, typical applications. 


Gives ambient temperature characteristics, reduces 
effect of junction heating and thermal runaway. 


Symmetrical output of over 20V may be obtained 
for pressure differences of a few cm of water. 


Explanation of the “vector mean free path” con- 
struct to which physical interpretation leads. 


Adder described employs Reeves-Cooke positive- 
gap diodes which operate with pulses of 20-milli- 
usec duration. 


Two circuits for transistorized sound sections for 
use in hybrid or all-transistor TV receivers are de- 
scribed. 


Design considerations for transistorized television 
horizontal-deflection circuits are given. 


Data concerning the variation of diode capacitance 
with bias voltage is presented and circuit require- 
ments for resonant circuits tuned with v-c diodes 
are discussed. 


Method by which most neutralizing circuits can 
be evaluated. Frequencies covered are 200 kc to 
80 me. 


Analysis of buildup and decay shows that under 
certain conditions the transient behavior can be 
accurately expressed in relatively simple form. 


Description of a representative selection of con- 
ductive ceramic materials, with a table of physical, 
thermal and electrical properties. 


A model has been proposed which serves to explain 
four sets of apparently unrelated electrical charac- 
teristics of the unit operating at 100V d-c and 
aX 0) Be 


Circuit configurations which provide cosine and 
sine functions are given. 


Analysis of design procedures for circuit used in 
the mechanization of logical operations. 


Design procedure. Addition of exponential func- 
tions by means of a transistor feedback amplifier. 
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TITLE 


PUBLICATION 


CONDENSED SUMMARY 


AUTHORS 


Further Progress in Electronic 
Control of Artificial Respiration 


Solid-State Dissolution of Ger- 
manium by Indium in Semi- 
conductor Devices 


Electrical Contacts to Silicon 
Carbide 


Effect of Dislocations on Break- 
down in Silicon p-n Junctions 


Space Charge Calculations for 
Semiconductors 


Dislocations and Selective Etch 
Pits in InSb 


Dislocation Etch Pits in Anti- 
mony 


Photoconductivity 


Thermionic and Related Prop- 
erties of Calcium Oxide 


The Performance of Infra-Red 
Photoconductive Cells 


Electropolishing Silicon in Hy- 
drofluoric Acid Solutions 


Melted Layer Crystal Growth 
and its Application to Ger- 
manium 


Power Amplification X Band- 
width Figure of Merit for Tran- 
ducers Including Transistors 


The Avalanche Breakdown 
Voltage of Narrow pt vy nt 
Diodes 


Carrier Mobilities in inPeGa- 
As, and AISb 


Dislocation Etch Pits in 
Germanium 


Recombinaison Sur les Pieges 
a deux niveaux dans les Semi- 
Conducteurs 


Analysis of Current Flow in 
a Planar Junction Diode at a 
High Forward Bias. 


Paramagnetic Resonance 


Photoconductivity of Zinc 
Selenide Crystals and a Corre- 
lation of Donor and Acceptor 
Levels in II-VI Photoconductors 


Magnetoresistance Symmetry 
Relation in n-Germanium 


Magnetic Properties of n-Type 
Silicon 


Variation of Hall Mobility of 
Carriers in  Nondegenerate 
Semiconductors With Electric 
Field 


Lifetime in P-type Silicon 
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IRE Transactions on 
Medical Electronics 
July 1958 


Journal of Applied 
Physics June 1958 


Journal of Applied 
Physics June 1958 


Journal of Applied 
Physics July 1958 


Journal of Applied 
Physics July 1958 


Journal of Applied 
Physics July 1958 


Journal of Applied 
Physics July 1958 


Journal of Applied 
Physics (Brit) June 1958 


Journal of Applied 


Physics (Brit) July, 1958 


Journal of Applied 
Physics (Brit) July, 1958 


Journal of the Electro- 
chemical Society 
July 1958 


Journal of the Electro- 
chemical Society 
July 1958 


Journal of Electronics 
and Control (Brit) 

June 1958 

Journal of Electronics 
and Control (Brit) 

June 1958 

Journal of Electronics 


and Control (Brit) 
July 1958 


Journal of 
and Control 
July 1958 


Journal of Electronics 
and Control (Brit) 
July 1958 


Journal of Electronics 
and Control (Brit) 
July 1958 


Philips Technical Review 
May 31, 1958 


Electronics 
(Brit) 


Physical Review 
June 1, 1958 


Physical Review 


June 1, 1958 
Physical Review 
June 1, 1958 


Physical Review 
June 15, 1958 


Physical Review 
June 15, 1958 


Use of electronic amplifiers (using transistors) in 
conjunction with other instrumentation as sup- 
portive devices in cases of muscle failure. 


Effects of physical variables on the formation of 
solution cavities in SBT’s and germanium are 
discussed. 


Nonrectifying contacts may be made using silicon- 
phosphorous alloys. 


Breakdown effects have been compared with etch- 
pit patterns that reveal dislocations. 


General equation relating electric field to the 
electrostatic potential difference. 


Dislocation etch pit illustrates polarity of structure 
and nature of dislocations. 


Effects of various etching reagents on producing 
different types of etch pits. 


Basic factors are discussed with general pattern 
of behavior to be expected indicated. 


Changes in thermionic emission and conductivity 
have been found during activation and poisoning. 


Responsivity and signal/noise ratio under various 
conditions of noise limitation. 


Experimental results on the effect of HF con- 
centration, viscosity and temperature. 


Data given for resistivity profiles of germanium 
crystals doped with antimony. 


The figure of merit is derived for a transducer 
which is unilateralized and conjugately matched. 


The extension of the space-charge region does not 
immediately lead to a rapid increase of current 
with applied voltage. 


Measurements have been mads as functions of 
Impurity concentration and temperature. 


The influence of the direction of the dislocation 
line on the shape of the etch pits is examined. 


Derivation of the recombination statistics of ex- 
cess carriers in Semiconductors through a Hall- 
Shockley-Read mechanism is given. 


Analysis is concerned with the general case of an 
asymmetric diode, the impurity concentrations and 
widths of both sides being arbitrary. 


Discussion of quantum-mechanical background. 
Description of setup for observing resonance 
spectrum. 


By a consideration of known data on the conduc- 
tivity, photoconductivity, and luminescence of II- 
VI compounds, a consistent correlation of donor 
and acceptor levels in these materials is possible. 


A relationship is obeyed for samples with carrier 
concentration as high as 6 X 10" cm ~2 


The Magnetic susceptibility has been measured as 
a function of temperature from 3°K to 300°K 


Expression for Hall mobility is obtained applicable 
In a large range of fields and non-Maxwellian dis- 
tribution of velocities of Carriers. 


Lifetime is measured as a function of excess elec- 
tion density 


L. H. Montgomery 
S. E. Stephenson, 
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M. Bernard 
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TITLE 


PUBLICATION 


CONDENSED SUMMARY 


Electron-Bombardment Damage 
in Silicon 


_Magneto-Surface Experiments 


on Germanium 


Theory of an Experiment for 


Measuring the Mobility and 
‘Density of Carriers in the 
Space-Charge Region of a 


Semiconductor Surface 


Electrical Conduction via Slow 
Surface States on Semiconduc- 
tors 


Effective Mass of Electrons in 
Gallium Arsenide 


Large-Signal Surface Photo- 
voltage Studies with Germa- 
nium 


Mobility of Electrons in Ger- 
manium-Silicon Alloys 


Measurement of Germanium 
- Surface States by Pulsed Chan- 
nel Effect 


Interpretation of Magneto con- 
ductivity in n-type Germanium 
and Silicon ° 


Phonon-Drag Thermo-magnetic 
Effects in n-type Germanium. 
I-General Survey 


Optical Absorption in p-type 
Gallium Arsenide 


Electrical Properties of Mer- 
cury Telluride 


Temperature Dependence of 
Optical Absorption in p-Type 
Indium Arsenide 


Intrinsic Optical Absorption in 
Single-Crystal Silicon Carbide 


Radiation Damage in GE and 
Si Detected by Lifetime 
Changes: Damage Thresholds 


Certain Characteristics of 
Noise in CdS Photoresistors 
(Excerpts) 


The Noise Spectrum and 
Frequency Characteristics for 
Photocurrent in Thallous 
Sulphite Photoresistors 
(Excerpts) 


A Unit for Measuring the Hall 
Effect in Semiconductors 
(complete ) j 


Method of Measuring the Rate 
of Surface Recombination 

_ According to the Variation 
of the Resistance of a 

_ Semiconductor in a Magnetic 
Field X (Excerpts) 


On the Equivalent Circuits of 
Linear Amplifiers 


Investigation of Germanium- 
Silicon Alloys 


Physical Review 
June 15, 1958 


Physical Review 
June 15, 1958 


Physical Review 
June 15, 1958 


Physical Review 
July 1, 1958 


Physical Review 
July 1, 1958 


Physical Review 
July 1, 1958 


Physical Review 
July 1, 1958 


Physical Review 
July 1, 1958 


Physical Review 
July 1, 1958 


Physical Review 
July 1, 1958 


Review 
1958 


Physical 
July 12, 


Review 
1958 


Physical 
July 15, 


Review 
1958 


Physical 
July 15, 


Review 
1958 


Review 
1958 


Physical 
July 15, 


Physical 
July 15, 


Radiotekhnica i 
Electronika (USSR) 
March 1958. Eng. Trans: 
Electronics Express 
June 1958 


Radiotekhnica i 
Electronika March 1958. 
English Trans: 
Electronics Express 
June 1958 


Technical Physical 
Journal (USSR) 

No. 26-1957, Eng. Trans: 
Electronics Express 
March 1958 


Technical Physical 
Journal (USSR) 
June 1957. 

English Trans: 
Electronics Express 
March 1958 


U.S. Gov’t Research Re- 
port PB127233 7/11/58 


U.S. Gov’t Research Re- 
port PB131422 7/11/58 


AUTHORS 


Damage is investigated by using Hall effect, con- 
ductivity, and carrier-lifetime measurement. 


Ambient-induced changes in the conductivity, Hall 
coefficient, and magnetoresistance. 


The use of galvanomagnetic experiments to deter- 
mine the mobility and density of carriers in the 
space-charge region of a semiconductor surface is 
considered. 


Steady-state and transient conductance of inversion 
layers were investigated. 


Measurement has been made by determining the 
reflectivity in the infrared. 


Studies cover a wider range of excess carrier den- 
sities than previously reported. 


Compositions vary between 0 to 30 atomic percent 
silicon; temperature range between 77°K and 
300°K. 


Densities, cross sections, and activation energies 
are inferred from conductivity relaxations. 


Low-field magnetoconductivity with no assump- 
tions about the scattering process. 


Basic ideas of the theory; central experimental re- 
sults; qualitative conclusions. 


A number of absorption bands have been observed 
on the low-energy side of the intrinsic absorption 
edge. 


HgTe was found to be p-type with acceptor con- 
centration of 10!18—1019 cm? and band gap— .02 
ev. 


Energy shifts to lower values at lower tempera- 
tures and to a stationary value above 420°K. 


Results of measurment in both the cubic and hex- 
agonal, type 6H, modification. 


Minority carrier lifetime is shown to be more sen- 
sitive to radiation than the conductivity. 


A study is made of the dependence of the noise 
current on the amount and quality of the incident 
exciting emission, and on the applied voltage. 


Description and results of measurements, For 
small values of light flux (~10°° lum) a similarity 
has been detected between these two character- 
istics. 


Method employing an a-c current and an a-c mag- 
netic field in which the Hall Effect is measured at 
the sum or difference frequency is described. 


The basis of this method is the dependence of the 
resistance of a thin semiconductor on the recom- 
bination rates on its faces, in a magnetic field. 


Reciprocal forward-and reverse-equivalent circuits 
are derived. Applications to transistor amplifiers 
shown. 


The isothermal solidification techniques used in 
preparing these alloys is described in detail. 
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CHARACTERISTICS CHART 


of 


SISICON ZENER or AVALANCHE DIODES 


MOT—Motorola, Inc. 


NAE —North American Electronics 


PSI 


—Pacific Semiconductors 


Zener or Avalanche 


MIN. 


Eb1 
(volts) 


Voltage Range 


MAX. 
Eb2 


(volts) 


2 


Dynamic 


TI —Texas Instruments 
TRA—Transitron Electronic Corp. 
USS —U. S. Semiconductor Products 


TEMP. 


Impedance CO-EF- MER. 


at start 


FICIENT { See code | 
| of chart 


%1°C 


20 400 055 Tl 
20 400 049 1 
20 400 036 Tl 
20 400 018 Tt 
20 400 008 Tl 
20 400 .006 T 
20 400 022 Tl 
20 400 .035 TI 
20 400 045 Tl 
20 400 052 Tl 
20 400 056 Tl 
20 400 060 1 
500 10 07 Tl 
500 10 07 Tl 
500 10 07 Tl 
500 10 07 Tl 
150 10 .08 TI 
150 10 08 Tl 
150 10 08 Tl 
150 10 .08 Tl 
150 10 08 Tl 
150 10 .08 Tl 
150 10 .09 Tl 
150 10 09 TI 
150 10 09 Tl 
150 10 09 Tl 
150 10 .10 Tl 
150 10 -10 Tl 
50 10 10 Tl 
50 10 10 Tl 
50 10 an Tl 
50 10 a TY 
50 10 12 Tl 
50 3W 04 USS 
3 50 3W .058 USS 
8 50 3W .059 USS 
0 50 3W .060 USS 
6 50 3W .062 USS 
15 3W 064 USS 
15 3W 066 USS 
15 3W .068 USS 
ee 3W 07 USS 
15 3W .072 USS 
15 3W 075 USS 
Gao 3W 08 USS 
7.5 3W .086 USS 
7.5 3W .093 USS 
TAS 3W 12 USS 
50 10W 04 USS 
3 50 10W .058 USS 
de 50 10W .059 USS 
0 50 10W .060 USS 
6 50 10W .062 USS 
15 10W 064 USS 
15 10W 066 USS 
15 10W .068 USS 
15 10W .07 USS 
15 10W 072 USS 
15 10W .075 USS 
Fes 10W .08 USS 
7.5 10W -086 USS 
7.5 10W 093 USS 
7.5 10W 10 USS 
7.5 10W 12 aes 
Yo 200 .06 USS 
10 200 05 Oss 
10 200 01 uEe 
10 200 03 USS 
V0: 200 .06 USS 
Ae 200 065 ge 
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Zener or Avalanche Dynamic 


Voltage Range Impedance TEMP. 
CO-EF- MFR. 
MIN. FICIENT See code | 


E af Hae i 

bl Eb2 of chart 
%I°C 

(volts) (volts) 


1N1933 1 13 


1 30 5 200 0 USS 
UNT934 13 16 1 50 5 200 ee USS 
1N1935 16 20 1 70 5 200 092 USS 
1N1936 20 24 1 100 5 200 094 USS 
1N1937 24 30 1 200 3 200 .096 USS 
1N1938 30 36 2 300 3 200 098 USS 
1N1939 36 43 o) 400 3 200 .10 USS 
1N1940 43 51 2 500 2 200 10 USS 
1N1941 5) 62 2 700 2 200 10 USS 
1N1942 62 75 ©) 900 1 200 an USS 
1N1943 75 91 2 1200 1 200 WW USS 
1N1944 91 110 2 1700 1 200 12 USS 
1N1945 110 130 2 2800 1 200 USS 
1N1946 130 160 ll 200 USS 
1N1947 160 200 A 200 USS 
1N1948 200 240 a 200 USS 
1N1949 240 300 4 200 USS 
1N1950 300 360 a) 200 USS 
1N1951 360 430 % 200 USS 
1N1952 430 510 qi 200 USS 
1N1953 510 620 4 200 USS 
IN1954 3.6 4.3 5 | 10 400 .06 USS 
1N1955 4.3 5.1 5 10 10 400 05 USS 
1N1956 5.1 6.2 5 8 10 400 01 USS 
1N1957 6.2 7.5 5 7 10 400 03 USS 
1N1958 7.5 9.1 5 15 10 400 .06 USS 
1N1959 9.1 11.0 5 22 10 400 065 USS 
1N1960 1 13 1 30 5 400 .08 USS 
1N1961 13 16 1 50 5 400 088 USS 
1N1962 16 20 1 70 5 400 .092 USS 
1N1963 20 24 1 100 5 400 094 USS 
1N1964 24 30 1 200 3 400 .096 USS 
1N1965 30 36 2 300 3 400 .098 USS 
1N1966 36 43 ) 400 3 400 10 USS 
1N1967 43 51 2 500 2 400 .10 USS 
! 1N1968 51 62 2 700 2 400 10 USS 
1N1969 62 75 ‘> 900 1 400 a USS 
1N1970 75 91 D 1200 1 400 ah USS 
1N1971 91 110 B 1700 1 400 nT USS 
1N1972 100 130 ) 2800 1 400 USS 
1N1973 130 160 4 400 USS 
1N1974 160 200 4, 400 USS 
1N1975 200 240 B| 400 USS 
1N1976 240 300 =| 400 USS 
1N1977 300 360 sil 400 USS 
1N1978 360 430 a 400 USS 
1N1979 430 510 J 400 USS 
1N1980 510 620 Bi 400 USS 
1N1981 3.6 4.3 5 il 10 150 06 USS 
1N1982 4.3 5.1 5 10 10 150 .05 USS 
1N1983 5.1 6.2 5 8 10 150 01 USS 
1N1984 6.2 7.5 5 7 10 150 .03 USS 
1N1985 7.5 9.1 5 15 10 150 .06 USS 
1N1986 9.1 11.0 5 22 10 150 065 USS 
1N1987 YW 13 1 30 5 150 .08 USS 
1N1988 13 16 1 50 5 150 .088 USS 
1N1989 16 20 1 70 5 150 .092 USS 
1N1990 20 24 1 100 5 150 094 USS 
1N1991 24 30 1 200 3 150 .096 USS 
1N1992 30 36 2 300 3 150 .098 USS 
1N1993 36 43 Be 400 3 150 10 USS 
1N1994 43 51 9 500 2 150 10 USS 
1N1995 51 62 2 700 2 150 10 USS 
1N1996 62 75 2 900 1 150 VW USS 
1N1997 75 91 Bs 1200 1 150 A USS 
1N1998 91 110 & 1700 1 150 12 USS 
1N1999 110 130 2 2800 1 150 USS 
1N2000 130 160 a 150 USS 
1N2001 160 200 4 150 USS 
1N2002 200 240 a 150 USS 
1N2003 240 300 | 150 USS 
1N2004 300 360 J 150 USS 
1N2005 360 430 1) 150 USS 
1N2006 430 510 J 150 USS 
1N2007 510 620 J 150 USS 
10M10Z 8.0 12.0 250 3.0 250 10W .060 MOT 
10M11Z 8.8 ib ey 230 3.0 230 10W .060 MOT 
10M12Z 9.6 14.4 210 3.0 210 10W .060 MOT 
10M13Z 10.4 15.6 190 3.0 190 10W .070 MOT 
10M14Z 11.2 16.8 180 3.0 180 10W .070 MOT 
10M15Z 12.0 18.0 170 3.0 170 10W .070 MOT 
10M16Z 12.8 19.2 155 4.0 155 10W 070 MOT 
10M17Z 13.6 20.6 145 4.0 145 10W .070 MOT 
10M18Z 14.4 21.6 140 4.0 140 10W .070 MOT 
10M19Z 15.2 22.8 130 4.0 130 10W .070 MOT 
10M20Z 16.0 24.0 125 4.0 125 10W .080 MOT 
115 5.0 115 10W .080 MOT 

10M22Z 17.6 26.4 
10M24Z 19.2 28.8 105 5.0 105 10W 080 MOT 
10M25Z 20.0 30.0 100 6.0 100 10W -080 MOT 
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Zener or Avalanche Dynamic 
Voltage Range Impedance TEMP. 
CO-EF- MER. 


MIN. MAX. FICIENT | See code | 


at start 
of chart 


Eb Eb2 % [°C 
(J 


(volts) (volts) 


10M27Z 21.6 32.4 
: ; 95 
10M30Z 24.0 36.0 85 AS 95 10W 080 MOT 
10M33Z 26.4 39.6 a . 85 10W -080 MOT 
10M36Z 28.8 43.2 a 9.0 75 10W .080 MOT 
10M39Z 31.2 ae ee 10 70 10W .090 MOT 
wees a2 ee 6s 1 65 10W 090 MOT 
10M45Z 36.0 540 es 12 60 10W -090 MOT 
konedee nee a 2 13 55 10W .090 MOT 
AOWEAY hs Bod : 14 55 10W ,090 MOT 
10M52Z Alb ree os 15 50 10W 10 MOT 
10M56Z 44.8 67.2 ie u me He de ripe 
10M62Z 49.6 744 ae 16 45 10W 10 MOT 
joMeae a ad is 17 40 10W £10 MOT 
10M75Z 60.0 90.0 35 18 37 10W .10 MOT 
10M82Z 65.6 98.4 30 ee 7 Lon 8 iy MOF 
10M91Z 72.8 oe a 25 30 10W 1 MOT 
10M100Z 30 ae 2 35 28 10W 12 MOT 
10M105Z BA 2 OM a low 12 
126 25 45 MOT 
10M110Z 88 ae 10W 12 
1 132 23 55 ee 
0M120Z 96 ao Tow 12 
10 144 20 75 MOT 
M130Z 104 20 10W 13 
10M 156 19 100 1 pos 
Mey Abe 112 168 i. oe ? 10W 13 MOT 
ey eheoee 120 180 17 ioe 18 10W 13 MOT 
OM175Z 140 210 14 ne V7 10W 14 MOT 
ToROoG es 210 u 250 14 10W ae MOT 
50M 12 e 6 ea oe 0 = 12 10W BE MOT 
M11Z 8.8 13.2 1160 : 1200 50W 06 MOT 
BONS ae ie 90 1100 50W 06 
50M13Z : yee 1.0 1000 ee 
10.4 15.6 SOW 06 
50M14Z : 960 1.1 960 mor 
11.2 16.8 ae sd 
50M15Z ave 1.2 890 : ees 
12.0 18.0 Sow 07 
SOM16Z : goo 1.4 830 non 
12.8 19.2 so. 07 
50M17Z : ges 1.6 780 Ton 
on 13.6 20.6 740 8 so 07 MOT 
8Z 14.4 21.6 740 50W 07 
50M192 700 2.0 700 Nor 
15.2 22.8 70 07 
50M20Z } hei 2.2 660 : hee 
16.0 24.0 SOW 07 
50M22Z : eee 2.4 630 : ee 
17.6 26.4 SOW 08 
50M24Z ; 270 2.5 570 ; ae 
19.2 28.8 oo 08 
Bate : 520 2.6 520 : MOF 
20.0 30.0 5 SOW 08 
50M27Z 21.6 32.4 es eel 500 50W ; ne 
50M30Z : nee 2.8 460 oe aed 
2 24.0 36.0 42 SOW 08 
50M33Z 26.4 39.6 3.0 420 50W é oe 
Soc 26 E 380 32 555 .08 MOT 
8 43.2 350 20 08 
50M39Z 31,2 46.8 one 350 50W ‘0 AOE 
50M43Z ae me 320 4.0 320 50W 07 MOT 
50M45Z 36.0 ; ah 4.5 290 me MOT 
. 54.0 280 SOW 09 
50M47Z 37.6 AS 280 Nee 
- : 56.4 270 ao oF 
OMSOZ 40.0 20 270 MeL 
50M52Z ae 60.0 250 50 250 ay .09 MOT 
50M56Z 44.8 a7 a 5.5 240 50W ors Moe 
Eolleor per a Be 6.0 220 a ae MOT 
Hyver oh. 81.0 180 ies 200 50W 10 Ne 
5OM752 Bac Pe Hee 8.0 180 50W 10 : MOT 
Hae 65.6 98.4 150 8 170 50W MW ven 
50M100Z fe 109.2 140 3 ‘a a oli Mor 
120 50W 
SOMI052 a4 126 Oe 20 120 50W af MOT 
50M1102 88 jas rp 25 120 50W 12 aed 
SOMI 202 96 144 100 30 110 50W 12 oe 
Beatice 104 156 as 40 100 50W 13 MOT 
SOM150Z me 168 90 aa sa 20. 13 co 
SOMI75z Hy as & 75 85 yy 13 MOT 
50M20 140 210 70 75 85 5O0W VA MOT 
Gare 160 240 65 ba 70 50W . ee 
Lpzr- : a n 25 ae 62 SOW M4 ro 
-12 ml 13 3 25 3W uA MOT 
LPZT-15 a 25 4 be .058 oe 
LPZT-18 16 : 25 5 ak 3W .059 USS 
LPZT-22 2 ° 25 8 aN. .060 
0 24 25 3W USS 
LPZT-27 5 7.5 20 .060 
LPZT-33 oo so 7.5 oe 7.5 3W 064 eee 
Seay 36 75 wae 3W USS 
PR505 aos ne 2000 oe ie Sy 068 USS 
PR506 nee 5.25 2000 5 oo roy 02 ve 
PR507 = Hoe eee 7 as bad .00 Nie 
PR508 aD ee 1600 7; 1008 aw 015 NAE 
PR509 ve 6.83 1200 A 1000 10W 03 NAE 
PR510 : 7.35 1200 Fone toy : Nee 
7.13 es 8 1000 038 
PR511 7 7.88 1200 . 10W 043 NAC 
PR512 As. oa 1000 8 He TOM 047 Nae 
PR513 ee 8.93 1000 1000 10W me NAE 
oes Ba6 9.45 1000 5 ee 10w 054 nae 
PR515 30s 9.98 1000 2000 10W : NAE 
9.5 ; 8 1000 -057 
PR516 10.5 800 10W NAE 
10.45 1.5 500 -058 
11.55 1 NAE 
PR517 11.4 800 1.5 OM 06 
PR518 o 12.6 700 . 500 10W NAE 
12.35 2.0 500 063 
PR519 13.3 18.65 700 2.0 TOW 066 Nae 
Bes i 14,7 700 : 500 10W F NAE 
14.24 1 2.0 500 069 
5.75 1 NA 
PR521 15.2 600 3.0 : ow 072 Z 
; 16.8 600 ; 500 10W ; NAE 
3.0 500 -075 
10W 076 NAE 
: NAE 
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Zener or Avalanche 


Dynamic 
Voltage Range Impedance TEE: 
CO-EF- MER. 
MIN. MAX. FICIENT See code 
hot me se | 


%1°C 


(volts) (volts) 


PR522 16.5 17.85 500 3.0 500 10W .077 NAE 
PR523 17.1 18.9 500 3.0 500 10W .078 NAE 
PR524 18.05 19.95 500 3.0 500 10W .079 NAE 
PR525 19.0 21.0 500 3.0 500 10W 081 NAE 
PR544 20.9 23.1 400 8.0 150 10W .084 NAE 
PR545 22.8 25.2 400 8.0 150 10W 086 NAE 
PR546 24.7 27.3 350 8.0 150 10W 088 NAE 
PR604 4,28 4.73 200 1 40 1W .02 NAE 
PR605 4.75 5.25 200 1 40 1W .00 NAE 
PR606 433 5.78 160 1.5 35 1W .015 NAE 
PR607 5.70 6.30 160 1.5 35 1W 03 NAE 
PR608 6.18 6.83 120 2 30 1W .038 NAE 
PR609 6.65 7.35 120 2 30 1W 043 NAE 
PR610 FAS 7.88 120 2 30 1W 047 NAE 
PR611 7.60 8.40 100 3 25 1W 05 NAE 
PR612 8.08 8.93 100 3 25 1W 054 NAE 
PR613 8.55 9.45 100 3 25 1Ww .057 NAE 
PR614 9.04 9.98 100 3 25 1W 058 NAE 
PR615 9.5 10.5 80 4.5 20 1W 06 NAE 
PR616 10.45 11.55 80 4.5 20 1W .063 : NAE 
PR617 11.4 12.6 70 7.5 15 1W 068 NAE 
PR618 12:35 13.65 70 7.5 15 1w .069 NAE 
PR619 13.3 14.7 70 75 15 1W .072 NAE 
PR620 14.24 15.75 60 15 13 1W .075 NAE 
PR621 15.2 16.8 60 15 13 1W .076 NAE 
PR622 16.5 17.85 50 15 13 1W .077 NAE 
PR623 17.1 18.9 50 12 10 1W .078 NAE 
PR624 18.05 19.95 50 12 10 1W .079 NAE 
PR625 19.0 21.0 50 12 10 1W .081 NAE 
PR644 20.9 23.1 40 10 9 1W 084 NAE 
PR645 22.8 25.2 40 10 9 1W .086 NAE 
PR646 24.7 27.3 35 9 9 1W .088 NAE 
PR704 4.3 5.4 2000 5 1000 10W .00 NAE 
PR705 52 6.4 1600 a7 1000 10W .015 NAE 
PR706 6.2 8.0 1200 8 1000 10W .043 NAE 
PR708 75 10.0 1000 8 1000 10W .057 NAE 
PR710 9.0 12.0 800 1.5 500 10W .06 NAE 
PR712 11.0 14.5 700 2 500 10W .069 NAE 
PR715 13.5 18.0 600 3 500 10W .075 NAE 
PR718 17.0 21.0 500 3 500 10W .079 NAE 
PR724 20.0 27.0 400 8 150 10W .086 NAE 
PR804 4.3 5.4 200 Al 40 1W .00 NAE 
PR805 5.2 6.4 160 1.5 35 1W 015 NAE 
PR806 6.2 8.0 120 2 30 1wW .043 NAE 
PR808 75 10.0 100 3 25 1W .057 NAE 
PR810 9.0 12.0 80 4.5 20 1W .06 NAE 
PR812 11.0 14.5 70 7.5 15 1W .069 NAE 
PR815 13.5 18.0 60 15 13 1W .075 NAE 
PR818 17.0 21.0 50 30 10 1W .079 NAE 
PR824 20.0 27.0 40 45 9 1W .086 NAE 
PS6313 7.5 10 .20 500 PSI 
PS6314 9.0 12 .20 500 PSI 
PS6315 14 14.5 20 500 PSI 
PS6316 13.5 18 .20 500 PSI 
PS6317 17 23 .20 500 PSI 
PS6318 20 27 .20 500 PSI 
PS6319 25 32 .20 500 PSI 
PS6320 30 39 .20 500 PSI 
PS6321 37 45 .20 500 PSI 
PS6322 43 54 20 500 PSI 
PS6323 52 64 .20 500 PSI 
PS6324 62 80 .20 500 PSI 
PS6325 75 100 20 500 PSI 
PS6326 90 120 20 500 PSI 
PS6327 110 145 .20 500 PSI 
PS6465 2.0 3.2 5.0 60 10 500 PSI 
PS6466 3.0 3.9 5.0 55 10 500 PSI 
PS6467 a7 4.5 5.0 45 10 500 PSI 
PS6468 4.3 5.4 5.0 35 10 500 PS! 
PS6469 5.2 6.4 5.0 20 10 500 PSI 
PS6470 6.2 8.0 5.0 10 10 500 PSI 
PZT-10 9.1 11 25 3 25 10W .058 USS 
PZT-12 7 13 25 4 25 10W .059 USS 
PZT-18 16 20 25 8 25 10W 062 USS 
PZT-22 20 24 7.5 20 7.5 10W -064 USS 
PZT-33 30 36 7.5 24 7.5 10W .068 USS 
51200 8.9 9.8 10 15 10 150 .005 uss 
$1201 8.9 9.8 10 15 10 150 002 USS 
$1202 8.9 9.8 10 15 10 150 .002 USS 
$1203 9.2 97 10 15 10 150 .001 USS 
$1204 9.2 97 10 15 10 150 001 USS 
$1205 9.2 9.7 10 15 10 150 .0005 uss 
$1010* by) .298 1.0 50 1.0 -077 iRA 
SM72 513 627 1.0 40 1.0 As TRA 
* GERMANIUM 
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CHARACTERISTICS CHART 
of NEW TRANSISTORS 


MANUFACTURERS (In Order of Code Letters) 
ARA— Advanced Research Associates, Inc. MOT— Motorola, Inc. 
AMP— Amperex Electronic Corp. MUL— Mullard Ltd. | 
BEN— Bendix Aviation Corp. NPC— Nucleonics Products Co. | 
BOG— _ Bogue Electric Mfg. Co. PHI— _ _—‘Philco Corp., Landsdale Tube Co. . 
BTHB— British Thomson-Houston Export Co., Ltd. PYEB— Pye Industrial Electronics, Ltd. 
CBS— CBS-Hytron RAY— Raytheon Mfg. Co. 
CTP— _ Clevite Transistor Products, Inc. RCA— _ Radio Corp. of America, Semiconductor Div. 
DEL— Delco Radio Div., General Motors Corp. SIE— Siemens & Halske Aktiengesellschaft 
EEVB— English Electric Valve Co., Ltd. SONY— Sony Corp. 
ESEB— Edison Swan Electric Co., Ltd. SPE— Sperry Gyroscope Co. 
FSC— _ Fairchild Semiconductor Corp. SPR— _ Sprague Electric Co. 
FTHF— French Thomson-Houston Semiconductor Dept. SYL— Sylvania Electric Products Inc. 
GECB— General Electric Co., Ltd. STCB— Standard Telephone & Cables, Ltd. 
GE— General Electric Co. TKAD— Suddeutsche Telefon-Apparate-, Kabel und Draht-. 
GEM— Great Eastern Mfg. Co. werke 
GTC— _ General Transistor Corp. TRA— _ Transitron Electronic Corp. 
HUG— Hughes Aircraft Co. TFKG— Telefunken Ltd. 
HIVB— Hivac Ltd. TI— Texas Instruments 
IND— __Industro Transistor Corp. TUN— Tung-Sol Electric, Inc. 
LCTF— Labortoire Central de Telecommunications WEC— Western Electric Co., Inc. 
MIN— Minneapolis-Honeywell Regulator Co. WEST— Westinghouse Electric Corp. 


CHARACTERISTICS CHART of NEW TRANSISTORS 


Max. Ratings @ 25° C 


Typical Characteristics 


USE 
| ( See } 
| Code } 

Below J 


MER. 
See code 
at start 
of charts 


{ Code } 
| Below J 


PARAMETER 


and 
(condition) 


2N59A 2 PNPA Ge%--180 3353 640 20 ee lea ee 100ma 90 #£WEST 
2N59B 2 PNPA Ge’ "180 «“393""" "60 30 Sica whee 100ma 90 WEST: 
2N59C 2 PNPA ~ Ges; 180° °5333° : 60 “290 “oq se) Syne: 100ma 90 WEST 
2N60A 2 PNPA Ge "490-8993 400 99 ties ree 100ma 70 #£WEST 
2N60B 2 PNPA Gems 180. +933 50. 2 20 2s Sea 100ma_ 70 #£WEST 
2N60C 2 PNPA Goo""180 = 6333+ “602. 20 ee 100 
2N61A 2 PNPA™ (Ge**"180.. 7393. 40°) 20s Thon eee yee ae ves 
2N61B 2 PNPA’ Gewe 180. $997 50 <" Sons Oeue 100ma 45 WEST 
aNe1C 2 PNPA Gew 180, $89: 1) 60. a0 aio raee 100ma 45 WEST 
N297A 3 PNPA Ge 35W 2.0 60 #50 £367 020 oe 70 DEL 
2N311 5 PNPA Gex.-150°- 500) 15-21 : 
2N312 5 NPNA Ge 150 500 15 if RFE Tee ite 2 on 
2N331 1 PNPA Geo 200 300° 30 30: 1716 “nee. ToS ona eee 
2N350A 3 PNPA Ge 45W 1.0 - 40 - 305) <80. “je cetc meron 30 MOT 
2N351A 3 PNPA Ge 45Wr 400) 40 236 40 pre 
2N3 76A 3 PNPA G iG oe ome 
e 45W 1.0 40 30 
2N438A 5 NPNA Gon 2150 40 30 25 re RFE hs ine oe ane 
2N439A 5 NPNA Ge 150 40° 30. 200. hay Greet ener eae 
2N440A 5 NPNA Ge" 1601.40 30 715. 19) he ae 
2N475A 2 NPN Si S260 8910 An ewae 10:0) Shee Ree a roa 
2N476A 2 NPN S16200 99 0 ae veloc 17 arnt = 4 
2N477A 2 NPN Sinci= 200 p25 100 oO esp fel yc) Gee 
ee 17 he e: ames ina 45 TRA 
Under Type and Type No. Under fab 
Under Use A—Alloyed * Meximum Frequency 
1—Low power a-f equai to or fess than 50 mw G=anvee ete We oe 
2—-Medium power a-f > 50 mw and equal to or less than 500 mw H—Hook Collector otier 
3—Power > 500 mw M—Microalloy 
ree O—Other §—Phototransistors 
5—Switchina & Computer Seurpaousty released with new specs 3—leag (Veen 
UNI—Unijunction Transistor Se uA 
Y—Symmetrical 9—Rise time —2 ,sec 
10—Rise time —3.5 usec 
11—Rise time —6.5 usec 
2—Frequency for fab—1 
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A Complete Line of 


COMPUTER TRANSISTORS 


Only Philco offers a complete line of specially designed 
computer transistors. Here are the best transistors for 
all phases of logic circuitry, read-in and read-out equip- 
ment, core-drivers, storage and switching devices. 


Philco transistors are being used by all leading com- 
puter manufacturers, especially where millimicrosecond 
speeds are needed. A leading University has proven 
Philco transistor reliability in actual computer circuits 


MEDIUM FREQUENCY, MEDIUM POWER ALLOY 
JUNCTION TRANSISTORS (250 mw) (in TO-9 package) 


for use in 200-300 kc computers, fx}, over 3 mc 

for use in 300-400 kc computers, fo} over 5 mc 

for use in switching circuits faster than 400 kc, for, over 
12 mc 


MICRO-MINIATURE TRANSISTOR 


high gain switching transistor, 20v maximum Vor, DC 
beta typically 150 


2N536 


HIGH FREQUENCY, HIGH GAIN (MICRO ALLOY) 
TRANSISTOR (MAT) 
combines high frequency response with high gain for 
general purpose, high frequency applications and 
switching circuits, typical frax 60 mc 


HIGH FREQUENCY SILICON TRANSISTOR (SAT) 


high speed silicon switch for speeds up to 5 mc charac- 
terized by extremely low saturation resistance. 


2N496 


HIGH FREQUENCY SURFACE BARRIER 
TRANSISTOR (SBT) 


switching transistor, typical f=60 mc 


over tens of millions of transistor service hours. 


All Philco transistors are hermetically sealed to insure 
maximum service life. Available in production quantities 
from the factory. Also available “off the shelf” in quanti- 
ties 1 to 99 from your local Philco transistor distributor. 
When you think of TRANSISTORS think of 
PHILCO FIRST. 


For further information circle No. 14 on Reader Service Card 


MICRO ALLOY DIFFUSED-BASE TRANSISTOR (MADT) 


2N501......extremely high speed switch; typical rise time 12 mu 
sec, fall time 4 mu sec 


BILATERAL ALLOY JUNCTION TRANSISTOR 


high gain (hp~z = 45 in both directions), high voltage 
(40v) unit for applications where current reversal is desired 


POWER TRANSISTORS 


40 volt, 30 watt power transistor 

60 volt, 37.5 watt power transistor 

80 volt, 37.5 watt power transistor 
2N589......100 volt, 37.5 watt power transistor 


PHiLCO’S NEWEST FAMILY OF MEDIUM- AND 
HIGH-POWER SWITCHING TRANSISTORS 


2N670 300 mw, 2 amp pulse amplifier, in TO-9 type package 
2N671 AO volt, 1 watt pulse amplifier in case with mounting 
stud and JETEC E3-51 base 
40 volt, 0.75 microsecond high frequency switching 
transistor 
. 40 volt, 1 watt, stud mounted switching transistor 
stud mounted % watt high speed power switch (fx, 
and 5 MC) 
stud mounted % watt high speed power switch (fo, 
and 12 MC) 


Make Philco Your Prime Source For All Transistor Information And Prices. Write Dept. SP-159 


CHARACTERISTICS CHART of NEW TRANSISTORS 


Max. | Max. Ratings @ 25° C | @ | Max. Ratings @ 25° C | Cc Typical Characteristics 


USE TYPE a ie 
Reose | f Ps | MAT DERATE Vv. oB ratsiaus 
| Below J i Below J eat ING PARAMETER of charts 

° an 
C/W (condition) 


2N478A 2 NPN Si 200 910 15 15 als t Ape? if 1lma 60 aa 
2N480A 2 NPN Si 200 910 45 45 11 pie 7 
2N541A 2 NPN Si 200 910 15 als: 15 Ape I.- 1ma 
cl! Ima 130 TRA 
2N542A 2 NPN ‘siab 200 910 30 30 15 Ape a 
2N543A Pe NPN feypl 200 910 45 45 15 Nhe? qo Ima 130 TRA 
2N600 iD PNPA Ge 750 30 20 Toad noR: 1V,100ma 70 PHiig 
2N601 335 PNPA Ge: 750 30 20 5.0 hp: 1V,100ma 105 PH ig 
2N647 2 NPNA Ge 100 25 25 hop: Le 50ma 70 RCA 
2N673 3,5 PNPA Ge 1000 25 25 at .5usec. max. PH EG 
2N695 5 PNPD Ge 50 1000 15 12 MOT 
2N696 3,4,5 NPND Sai OO) 105) 40 40 2 O= hog: I,-150ma 25 FSC 
2N69 7 3,4,5 NPND Si 2000 75 40 40 120* NR: I,-150ma 50 FS¢ 
2N700 4 PNPD Ge 50 1000 30 30 600 PG: 200Mc 12db MOT 
2N1013 3 PNPA Ge 5000 14 60 hag: I. - 88ma 22 MIN 
2N1031 3,5 PNP Ge PAGS 30 nag: IC- 5A 60 BEN 
2N1031A Sigid) PNP ‘Ge Le 40 no: ine 15A 60 BEN 
2N1031B 3,5 PNP Ge 1.5 70 np: Io- 15A 60 BEN 
2N1031C 3,5 PNP Ge 1.5 80 naR: ake 15A 60 BEN 
2N103 2 35D PNP Ge 1.5 30 hor? Le 15A 100 BEN 
2N1032A Sad PNP Ge 15 40 nae: I.- 15A 100 BEN 
2N103 2B 355 PNP Ge 1.5 70 npr: ec 15A 100 BEN 
2N1032C 3) PNP Ge ila) 80 naR: i 15A 100 BEN 
2N1034 2 PNP ‘Syal 380 350 50 40 -20 Nee? Se 3ma 15 RAY 
2N1035 2 PNP iSub 380 350 50 35 30 Nhe? Lie 3ma 30 RAY 
2N1036 2 PNP ‘Syl 380 350 50 30 - 40 Nee? I.- 3ma 60 RAY 
2N1037 2 PNP ‘Sak 380 350 50 35 5745) Nee? 2a" 3ma 25 RAY 
2N1058 1 NPN Ge 50 1000 20 6.0 Npe: Ima 16.5 SNAL, 
2N1059 2 NPN Ge’ 180 277 40 15 faer Ol naE? 35ma sy SY 
2N1073 350 PNPDA Ge 35W 2.0 40 40 ve npE ies 5A 40 BEN 
2N1073A 355 PNPDA Ge 35W 2.0 80 80 Lea5 hop? ie 5A 40 BEN 
2N1073B 3,5 PNPDA Ge SOW 20 el Ono 0 125 nae ie 5A 40 BEN 
2N1074 2 NPN Si 380 350 50 50 APY) Np! Lia 3ma 15 RAY 
2N1075 iz NPN Sal. 380 350 50 40 -o5 h 2. -. $ma 30 RAY 
2N1076 2 NPN Siv’ 380 .°350 «50. 36 60. hie e 7 eae seme cee RAY 
2N1077 2 NPN Of GhS8 0s) B50." 50> 80 6.90 | eon Cmmeees 25 RAY 
2N1099 3 PNPA Ge TOW T.0 «80. “79 fio7-0l ae TO eA 50 DEL 
2N1100 3 PNPA Ge 72W 1.0 100 80 Poe7:0l nag: I¢- 5A 39 DEL 
2T69 2 NPNA Ge 100 500 25 PP class B 100mw 
2T78 4 NPNG Ge 50 1000 15 30 10Mc gf Se 
2T201 4 PNPG Ge 30 1300 15 50  10Mc 20 +SONY 
27204 4 PNPG Ge 30 1300 15 50 10M ' 
27205 4 PNPG e 16. SONY 
Ge 30 21900) 4-15 60 10Mc 24 SONY 
4471 2 PNP Ge 400 150 45 1.2 zh 
eet 355 PNP Ge SOW Ec 0 S100. (76 nee ies SAE a a 
TP1512 3,5 PNP Ge 65W 1.0 80 60 her: i- 5A 90 CTP 
NOTATIONS Under Type and Type No. Under fab __ 
Eta Bepiarns aes * Maximum Frequency 
Under Use D—Dithused or Drift # Figure of Merit 
Kowa Other 
H—Hook Collect 
2— Hea Go tS Bohr in 2a fortes than 300 mw Msroston é—Phototrnsistors 
gaara > 5 care evicusly released with new specs 8—IcBo BMC Rei) 
5—Switching & Computer UNI—Unijunction. Transistor 9—Rise said usec 
—Symmetrical 10—Rise time —3.5 sec 


11—Rise time —6.5 usec 
12—Frequency for fab—1 


50 SEMICONDUCTOR PRODUCTS e JANUARY 1959 


nstrument 
ransistors! 


* Specially engineered Transistors to meet the specific needs 
of Control Circuitry ...from Philco Transistor Center, U.S. A. 


System designers now have, at their fingertips, a full range of outstandingly reliable transistors to meet the specific 
§ requirements of counters, metering devices, amplifiers, logic elements, relay drivers, pulse modulators, pulse line 
' drivers and many other instrumentation applications. 


2N226—250 mw high gain, low frequency PNP 
germanium junction transistor for medium power 
relay driver and signal output applications. 


2N535—micro-miniature high gain, general pur- 
pose audio frequency germanium PNP junction 
transistor for use in metering decoders, signal 


2N240-—general purpose, PNP germanium sur- amplifiers and telemetering applications. where 


face barrier high speed switching transistor for use 
in counters and logic circuits. 


2N386—60v. germanium power transistor for 
servo amplifiers, high power-high voltage audio 
circuits, servo amplifier output stages, dc.-to-dc. 
converters and high power relay drivers. 


2N393—high gain, high speed germanium micro 
alloy transistor, especially well suited to wide 
fan-in and fan-out logic systems. 


2N496—very low saturation resistance, high 
switching speed PNP Silicon surface alloy transistor 
for high temperature counters and logic elements. 


2NSO1—high gain, super high frequency ger- 
manium micro alloy switching transistor for use in 
extra high frequency counters, logic circuits and 
wide-band video amplifiers. 


2N502~—very high frequency small signal ampli- 
fier micro alloy transistor for general purpose 
amplification at frequencies up to 400 m.c. 


Make Philco your prime source for all transistor information and prices. Write Dept. SP-159 


outstanding reliability is required in minimum space. 


2N598— medium frequency, medium power, high 
current PNP alloy junction transistor for counters and 
logic circuits. 


2N600-—studded version of 2N598 for appli- 
cations requiring higher power dissipation. 


2N670—very high peak current, high voltage, 
low frequency PNP germanium alloy junction tran- 
sistor in JETEC-type package. The 2N670 is specifi- 
cally engineered for pulse modulators and pulse 
line drivers. 


2NG671—specially studded version of 2N670 for 
applications where high average dissipation 
is encountered. 


Circle No, 15 on Reader Service Card 


CTP1513 
CTP1514 


GET103 
GET104 
' GET105 
GET106 
GET110 


GET114 
GET115 
GET116 
GET120 
GET871 


GET8 72 
GET8 73 
GET874 
GT1200 
GT1201 


GT1202 
H12 
H12A 
ST1026 
ST1050 


ST4044 
ST4045 
THP61 
THP62 
TK20B 


TK21B 
TK23A 
TK24B 
TK25B 
TK26B 


TK27B 
TK40A 
TS17 
V15/ 20IP 


V30/ 20IP 
WX1015 
WX1016 
XB104 


NOTATIONS 


Under Use 


1—Low power a-f equal to or less than 50 mw 
2—Medium power a-f > 50 mw and equal to or less than 500 mw 
3—Power > 500 mw 


4—r-f/ 


i-f 
5—Switching & Computer 


The following manufacturers h 
registered transistors. 


CBS-Hytron: 2N301, 2N301A, 2N356, 2N357, 2N358, 2N377 


02 


oo 09 


AoOp PRO AON nyY AGDwWrD © wv 


FP WOOW WronNnrD NNNNDYD NNNWW HNNWWwWEa 


Max. Ratings @ 25° C 


TYPE 
{ See ) 
4 Code } 
| Below J 


5 PNP Ge 65W 40 

5 PNP Ge 65W 1.0 40 30 
PNPA Ge whl GOxen2000 30. 720 10 
PNPA (aie 1500200) 80,55 20n tie 
PNPA Ge 600 50 “i400: 305 170 
PNPA Gel u60. 200 ©1565... 38" 120 
PNPA Ge 600 60 na0402-9 304 ont CO 
PNPA Get) 150% 6200. 15,7115 eat. 0 
PNPA Ge 600 50) AS eo  1he ero 
PNPA Ge 600 60; 30° 420. |. 90 
PNPA Ge 600 50: «30.0220 mea eT 
PNPA Ge 60. * 750° > 15s e312 S20 
PNPA Ge 60 150m 12 10 10 
PNPA Ge C0500 1 12 Ft Oe 50 
PNPA Ge 60:0 7507s 138) 16 10 
NPNA Ge 120 600 90 90 
NPNA Ge “120°. -500°- 75 75 “3-0 
NPNA Ge" 1205+. 5005a, 45) 945 SSO 
PNPA Ge + 100W §.70.— .60 3Ke 
PNPA Ge 100W .70 80 3Kc 
NPN Si=4200° 910" "620 650" 5.20 
NPN Styne20000,, 9.10... 600 tecOn eb nO 
NPN Si 5000 60 60 4.0 
NPN Si 5000 60:1 (60 a0 
NPN Stcge150 15 2.0 
NPN Si) L160 15 2.0 
PNPA Geh140> 9 250... 30 6.3 
PNPA Ge 140 250 30 2.0 
PNPA Ge 180 250 50 1.0 
PNPA Ge 140 250 30 2.5 
PNPA Ge 140 250 20 10 
PNPA Ge 140 250 30 2.0 
PNPA Ge 140 250 30 2.5 
PNPA Ge -180. 250 40 1.5 
PNPA Gey 130 275" 36 60 
PNP Ge 25 15 25 
PNP Ge 25 30 25 
NPN Si 100W .70 30-300 30-300 .30 
NPN Si 100W .70 30-300 30-300 .30 
PNPA Ge 9 Ones 3420 ote 


Under Type and Type No. 


A—Alloyed 


D—Diffused or Drift 


G—Grown 


M—Microalloy 
O—Other 


S—Surface 


H—Hook Collector 


CHARACTERISTICS CHART of NEW TRANSISTORS 


Typical Characteristics 


PARAMETER 


an 
(condition) 


MER. | 
See code ff 
‘at start 
of charts | 


Doutta on 90 CTE 
hee: IC. 5A 90 CTP 
h,.: I.-150ma 90 GECBi 
ni; 1°_150ma 40 GECB: 
ni®; 1°_-150ma 40 GECB 
ni®; T°-150ma 90 GECB 
hfe: IS-150ma 40 GECB! 
h,.: I.-150ma 90  GECB! 
nt@: 1°- 50ma 70 GECB} 
nt®: 1° 50ma 60 GECB} 
nee! I°- 50ma 60 GECB| 
hre? Ip- 25ma 30 GECB| 
h,.: I.- 25ma 60 GECBI 
ni®: 1°. ima 35 GECEE 
ni®; 1°. ma -.40 . GECH 
fees I°- 5ma 20 GTC 
hog: I5- Ima 30 GTC 
hee? I-. Ima 30 "Gam 
hep Toc eloa 50 MIN 
ap? 1.- 10k 50 MIN 
noR: I,- 5ma 25 TRA 
hae: Ig- Sma 20 TRA 
hag: I,-500ma 40 TRA 
hap: I,-500ma 40 TRA 
FTHF 
FTHF 
hei Ig- ima 48) ST@5 
Ape? eas 20ma 78 STCS 
hee? Ig- Ima 50 STCH 
hee: Ig- 40ma 32 STCB 
Nhe? i= ima 63 STCB 
Nhe? I.- 20ma 23 STCB 
Ape? Le 40ma Shy STCB 
hee: Ig- lma 90  STCB 
hee: Ig- 10ma 70 STCB 
hag hem 20ma 40 PY 
Reveit nb er OMS: 40 Ne Gi 
hee: Ic- 24 10 WEST 
h cet en 10 WEST 
hee I¢- lma 30  ESEB 


P—Previously released with new specs 
Barrier 


UNI—Unijunction Transistor 
Y—Symmetrical 


General Electric: 2N334, 2N336, 2N337, 2N338, 2N404 


Sylvania: 2N404, 2N405, 2N407 


Transitron: 2N404, 2N413A, 2N424, 2N425, 2N426, 2N427, 2N428 


Under fab_ 


* Maximum Frequency 
# Figure of Merit 


Other 
6—Phototransistors 
7—@ 70° 


8—IcBo (VcB=—20) 
=—25 


9—Rise time —2 usec 
10—Rise time —3.5 usec 
11—Rise time —6.5 ,sec 
12—Frequency for fab—1 


ave announced that they have begun supplying the indicated previously 


, 2N385, 2N388 
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to meet your exact 


\:ircuit requirements 


.» NOT SELECTED! 


ow, TRANSISTOR CENTER, U. S. A., offers a new 

family of MADT (field flow) transistors in un- 
limited quantities. Here are precision transistors 
which greatly expand the design potentials of high- 
ain, high frequency amplifiers; high speed com- 
louters; high-gain, wideband video amplifiers; and 
ther critical high frequency circuitry. 

Due to Philco’s exclusive electrochemical manu- 
facturing process, MADT’s are controlled not selected. 
The electrodes are precisely placed in the graded 
field to produce the exact characteristics you require. 
MADT’s are available immediately in unlimited 
quantities. Quantities 1 to 99 available ‘“‘off-the- 
shelf”? from your local franchised Philco Industrial 
Transistor Distributor. 


Actual photo of Philco's out- 


in-front automatic 


etching production equipment. 


*Trademark Philco Corporation for Micro Alloy Diffused-base Transistor. 


MADT FAMILY APPLICATIONS DATA 


Power Oscillator 
TYPE* f max Gain Efficiency Class of Use 


2N499 320 mc 10 db at 100 mc amplifier to 125 mc 


2N500 45% at 200 me Oscillator to 350 me 


2N501 Ultra high-speed switch typical tr = 9 msec; (18 max.); ts; = 9 musec; 
(12 max.); tf = 7 mysec; (10 max.) in circuit with current 


gain of 10 and voltage turnoff. 
2N502+ 800 mc 11 db at 200 me 
2N503} 420 mc 12.5 db at 100 me 
2N504 50 me (min.) 46 db at 455 
2N588 250 me 14 db at 50 me 


amplifier to 250 me 

amplifier to 175 mc 

high gain IF amplifier 

Oscillator and ampli- 
fier to 80 mc 


*Available in voltage ratings up to 35 V and dissipation ratings to 50 mw at 45°C. 
tIn JETEC TO-9 Case (Widely known as JETEC 30 Case). 


Make Philco your prime source of information for high frequency transistor applications. 
Write to Lansdale Tube Company, Division of Philco Corporation, Lansdale, Pa., Dept. SP 159 


Ker further infermetien circle Ne. 16 on Reeder Service Card 


Diffused Junction Silicon Rectifier 


Bendix announces a series of new sili- 
con rectifiers having peak inverse voltage 
ratings ranging from 50 to 600. volts and 
delivering 750 mAdc of rectified current 
at 50°C and 250 at 150°C. The EIA designa- 
tions for this series are 1N536, 1N537, 
1N538, 1N539, 1N540 and 1N547. Besides 
application to power rectification, these 
units are useful in magnetic amplifier and 
DC blocking circuits. 

Circle 150 on Reader Service Card 


Electric Voltage Stabilizers 


Constant voltage stabilizers announced 
by Acme Electric Corp. incorporate auto- 
matic overload or short circuit protection 
when load current is increased in excess 
of normal operating load. Standard units 
will operate within +1% of stabilized 
nominal output voltage even with a fluc- 
tuating input voltage ranging 30% of 
nominal. 


Circle 153 on Reader Service Card 


New Junction Transistor 


The 2N331 is a germanium alloy- 
junction transistor of the p-n-p type es- 
pecially designed for use as a low-power 
audio-frequency amplifier in critical in- 
dustrial and military applications. It 
features low collector and emitter cutoff 
currents, low base resistance, typical 
power gain of 44 db, typical noise factor 
of 9 db, has flexible leads and is her- 
metically sealed. 


Circle 162 on Reader Service Card 


34 


New Products 


Smaller Axial-Lead Resistors 


Tiny 2 and 2% watt vitreous-enamel 
power wirewound resistors have been in- 
troduced by the Sprague Electric Com- 
pany as part of a new series of its axial- 
lead Blue Jacket Resistors for industrial 
applications. The 2 watt resistor is only 


346” by 38” long while the 2% watt re- 
sistor is only 36” by 1%” long. The 
series includes a 3 watt resistor, a new 
and smaller 5 watt resistor, and new 7 
and 11 watt ratings in the sizes of the pre- 
vious 5 and 10 watt units. Write for bulle- 
tin 7410 and 7400A. 


Circle 158 on Reader Service Card 


Miniature Silicon Rectifier 


The recently developed line of Tarzian 
“F” series silicon rectifiers is rated at 750 
milliamperes de with voltage ratings of 
200, 400 and 600 volts. These rectifiers are 
encapsulated into a volume less than .004 
cubic inch. 


Circle 163 on Reader Service Card 


New Delay Lines 


JFD Electronics Corporation Delay 
Lines, both lumped and distributed con- 
stant types, are available for printed 
circuit assembly or for conventional 
mounting. The new units can also be mod- 
ified or especially designed to meet in- 


dividual requirements, are recommende 
for applications calling for short dela 
intervals, and offer a high ratio.of delay, 
to pulse rise time, in minimum space, 
Other characteristics are precise pulse 
fidelity; operating temperature range of: 
—55°C to +125°C; excellent temperature ¢ 
stability; rugged encapsulated construe- - 
tion resists environmental mositure, hu- 

midity, shock and vibration; linear phase 
shift; 0.1 inch grid spacing for printed 3 
board types; attenuation of approximately c 
1 db per yp sec. Write for bulletin 213. 

Circle 198 on Reader Service Card 


5 
Ultrasonic Impact Grinder . 


An ultrasonic impact grinder using a 
magnetostrictive transducer to permit a: 
100% duty cycle is announced by the In- - 
dustrial Equipment Department of Ray- . 
theon Manufacturing Company. The unit ; 
is used for cutting, slicing, drilling, | 
grinding and trepanning regular or irreg- 
ular shapes. Among the substances that 
can be worked are semiconductors, 
ceramics, ferrites, carbides, metals, jewels © 
and other hard or brittle materials. 


Circle 161 on Reader Service Card 


Silicon Power Rectifiers 


North American Electronics, Inc, an- 
nounces the availability of the NL line of 
general purpose axial lead silicon power 
rectifiers designed for efficient operation 
in ambient temperatures up to 100°C. All 
types have an average output current 
rating of 500 milliamperes at 100°C with 
PIV’s from 50 to 500 volts. 


Circle 168 on Reader Service Card 


Diffused Silicon Rectifiers 


Texas Instruments Incorporated an- 
nounces a new series of diffused silicon 
rectifiers 1N2069, 1N2070, 1N2071 featuring 
an average forward current of 750 milli- 
amperes. They are packaged in a nylon- 
cased epoxy capsule providing an in- 
sulated case with minimum lead-to-case 
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asulation resistance of 10° ohms at 600 
folts and have peak inverse voltages of 
0, 400 and 600 volts, respectively. They 
iso highlight a six ampere recurrent 
_ jbeak current and a surge (turn-on) cur- 
) ent over 32 amperes for one millisecond. 
DB}. Circle 160 on Reader Service Card 


}*rinted Circuit Connectors 


sy, Available in double or single rows up 
» So 22 contacts in any length and combina- 
7 ion from Garde Mfg. Contacts are 0.200” 
on centers for automation applications. 
yChey are for 14” printed circuit boards 
fy which have been automatically assembled 
lion the decimal system. Positive contact 
*es assured by full surface insertion and 

‘low surface force. Designed to assure 
Uepositive contact regardless of normal 
“tolerance variations and thickness of 
niboards. 

{ Circle 187 on Reader Service Card 


Potentiometer Linearity Tester 


Model LT-2 has just been introduced 
by Boller and Chivens, Inc. Designed for 
use as a production inspection gage fea- 
tures include capability of continuous 
and automatic measurement after initial 
adjustment and trim; in production test- 
ing, the unit will stop automatically when 
non-linearity exceeds a pre-selected tol- 
erance; and percentage deviation from 
linearity is indicated directly on a panel 
meter. 

Circle 152 on Reader Service Card 


Infrared Detectors 


Philco announces three new types of 
long wavelength infrared detectors made 
from single crystals of semiconducting 
materials. The detecting elements are 
single-crystals of indium antimonide and 
n- and p-type, gold-doped germanium 
which provide high sensitivities out to 
the far infrared.: Operation at liquid 
nitrogen temperatures is required for all 
three detectors and can be obtained by 
using miniature cryostats. 

Circle 159 on Reader Service Card 


Solid State Electronic Counters 


A new line of AC and battery powered 
totalizing and AC predetermined elec- 
tronic counters for laboratory or produc- 
tion control service has been announced 
by the Redford Corporation. Extremely 


SEMICONDUCTOR PRODUCTS 


Metallurgists & Specialists in Unusual Products... 


High-Purity 
METALS 7: 


Semi-Conductor 


| Devices 


D 
04 


y 


GOLD doped with N-type or 
P-type elements— supplied in 
form of wire, sheet or ribbon 
and cut or stamped pieces. 


CHEMICALLY-PURE 
ALUMINUM WIRE 
As small as .002” 
(approximate) 


INDIUM electroplated 


SINCE 1901 


base or precious 


metal wires. 


Write for list of products 


SIGMUND COHN CORP. 


121 South Columbus Avenue ° 


For further information circle No. 17 on Reader Service Card 
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Mount Vernon, N. Y. 
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compact and lightweight. Has no moving 
parts. Several accessories are available: 
magnetic pick-ups, infra-red beam pick- 
ups, stylus pick-ups and pulse shaping 
pre-amplifiers which obtain operating 
power from the counter itself . . . no 
special power supplies are needed. 


Circle 156 on Reader Service Card 


Panel Mounted Power Supplies 


Nutron Manufacturing announces MVAU 
Series of regulated variable AC power 
supplies designed without moving parts, 
vacuum tubes and internal adjustments. 
The new units are useful in testing 
diodes, rectifiers, transformers, motors, 
chokes; for instrument calibration; regu- 
lated adjustable line source; over and 
under voltage testing; and as a constant 
voltage source for critical photometry 
applications. Models are available with 
VA ratings of 60 to 500 and from 3 
to 20 amps. 

Circle 200 on Reader Service Card 


Replacement Rectifiers 


General Electric has revised its line of 
snap-in germanium rectifiers for the 
direct replacement of selenium rectifiers 
in television sets. One 400-milliampere 
halfwave rectifier 1N1008 and one 400- 
milliampere doubler rectifier 1N1016 re- 
place the entire line of five replacement 
types. Both deliver 400-milliampere D-C 
output current into a load at 70° C. or 158° 
F. and are rated at a peak inverse voltage 
of 380 volts and an RMS input voltage of 
130 volts. 

Circle 165 on Reader Service Card 


YOURS ror ispiration, xnow-wow 
AND NEW RADIO ELECTRONICS KNOWLEDGE 


Bigness has everything in the world to do with it when, 
each year, THE IRE NATIONAL CONVENTION and 
THE RADIO ENGINEERING SHOW is planned for you. 
Industries are only as big as you men who make them. And 
you have created a colossus that requires a Coliseum to 


show itself. 


Come to see, to hear and to learn. Whatever your special 


interests—equipment, component parts, instruments or pro- 


duction—these 800 exhibits representing 80% 


of your 


industry’s productive capacity are an INSPIRATION IN 
RADIO ELECTRONICS that will take you further along 


your personal path of progress. 


THE IRE NATIONAL CONVENTION 
as Vay 


Waldorf-Astoria Hotel 


4 AND THE RADIO 
y ENGINEERING SHOW 


Coliseum, New York City 


MARCH 
23 + 24 
25 + 26 


THE INSTITUTE OF RADIO ENGINEERS 
1 East 79th Street, New York ZeaN ay 


Fo: further information circle No. 18 on Reader Service Card 
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Casting Resin 


Stycast TPM-4 produced by Emerson | 
& Cuming, is curable in the range of — 
400°F. to 500°F. It is a rigid, thermosetting 
plastic and hexagonal steel bars have 
been embedded and_ shocked from 
+300°F. to —T70°F. without failure. 
Shrinkage during cure is very low and 
thermal stability is continuous at 500°F. 
The curing schedule is long and slow but 
simple to accomplish even when large 
sharp-edged objects are embedded. Write 
for Technical Bulletin 7-2-1A. 

Circle 197 on Reader Service Card 


4% 


Zener Diode-Transistor Combo 


A new device combines in a single 
package a voltage reference (tempera- 
ture compensated zener diode) and an 
amplifying transistor. “Ref-Amp” pro- 
vides a combined temperature coefficient 


as low as .002% per degree C over a 
temperature range of —55°C to + 100°C. 
Regulator circuits requiring 10 or more 
components, may now be designed with 
one transistor, one Ref-Amp, and four 
resistors. Write for bulletin TE-1352. 
Circle 167 on Reader Service Card 


30 VA To 300 VA Static Inverters 


These units, designed by Magnetic 
Amplifiers for aircraft and missile appli- 
cation, utilize transistor and magnetic 
amplifiers to convert 28V DC to 115V 400 
cps 1 phase or 3 phase. Voltage regula- 
tion +3% at zero to full load with input 
variations of 10%. Frequency output +2%. 
The line is extensive and covers other in- 
put voltages and output frequencies. 
rer temperature range —55°C to 


Circle 172 on Reader Service Card 


PERSONNEL for maximum reliability 
NOTES 


pak 
wa 
id 


iv 
Election of Raymond F. Kelley as Chair- 
) ian of the Board and President of Dy- KEEP 
x = age of America, suc- 
lzeding the late David T. Bonner, was 
nnounced recently. Vice President and TRANSISTO RS 
4" Director of DCA since 1952, Mr. Kelley 
vas also elected Chairman of the Board COOL 
nd President of Reeves Instrument Cor - 
oration and President of Waring Prod- { 
‘cts Corporation, both subsidiaries of Dy- Keep transistors at or 
amics Corporation of America. below maximum 


operating temperatures 
ists Sales Manager of Motorola’s Semicon- with Chase. 67 


Juctor Division has been announced by Birtcher Transistor with NEW 


FOR MOST JETEC 30 TRANSISTORS 
(Jetec Outline TO-9) 


a1 The appointment of F. J. Van Poppelen 


s) x = Lester ee eee Manager of Radiators. Provides the 
dhe Division. Mr. Van Poppelen comes to . i ith j ) 
: otorola from the General Electric Com- y rt dah bbtels= B | RTC H E R 
any where he held the position of Dis- ae inet sink and a 
‘trict Sales Manager for the Semiconductor greatly increased 
Mepartment in the New England District. radiating surface. Easy TRA fet S STO R 


to install in new or 


© Four key appointments to handle Philco ‘ate f 
orporation’s increasing activities in the existing equipment. RA D IATO R S 


Hemiconductor field were announced by Modifications to fit 


TNilliam H. Forster, Director of Research hundreds of larl 
or the Solid State Electronics Research at a A y 
sJepartment. Dr. Charles H. Sutcliffe has Bee eee isiavete, 


meen named Manager of Component De- 
~7elopment; Dr. James B. Angell, Manager 
>f Circuit Research; Dr. Marvin E. Lasser, 
"Manager of Applied Physics Research and 
Mr. Edmundo Gonzalez-Correa as Man- 


Hager of Research Planning. 


FOR CATALOG 


ene THE BIRTCHER CORPORATION 


test dat ° . Sr un 
en industrial division 
eave 4371 Valley Blvd. Los Angeles 32, California 


Sales engineering representatives in principal cities. 


* Bradley Semiconductor Corv., of New 
yHaven has named Edward C. Keough ap- 
*plications engineer, according to William 
)J. Gagnon, sales manager. Mr. Keough 
swas formerly applications engineer with 
*the Burndy Corporation. He is a graduate 
Welectrical engineer, lives at Stratford, 
*Conn., and has served as executive officer 
sof a local Reserve unit since active duty 
with the U. S. Army Ordnance Corps. 


For further information circle No. 19 on Reader Service Card 


The appointment of Donald W. Moffett 
‘as manager of material for the Semicon- 
» ductor Division of Sylvania Electric Prod- 
ucts Inc. has been announced by William 


Opportunities 
iim Solid State 
Electronics 


7 general manager. Mr. Moffett will be re- 
sponsible for the division’s production 
‘planning, purchasing, inventory control, 
selection, finishing, and shipping activi- 
# ties. He has been a consultant for these 
lb activities since joining the company in 
+ March. Formerly he was with H. B. May- 
inard and Co. Inc. 


Pacific Semiconductors, Inc., a subsidiary of the Thompson- 
Ramo-Wooldridge Corporation, has several excellent Tech- 
nical Staff opportunities as a result of the rapid expansion of 
its development programs on Very High Frequency and 
Very High Power Silicon transistors. We invite inquiries 
from Solid State Physicists and Engineers with experience 
in transistor development; mechanical engineers engaged in 
transistor package and manufacturing equipment develop- 
ment; and electrical engineers experienced in semiconductor 
device applications and test equipment development. 

If you have a B.S., M.S., or Ph.D. degree in physics or 
engineering, applicable experience, and are interested in the 
future of semiconductor electronics with a young, dynamic 
organization where resourcefulness and original thinking 
are both recognized and encouraged, write: 


Kenneth C. Moritz has been named 
Sales Manager of the Semiconductor Di- 
vision for Raytheon Manufacturing Com- 
'pany. Prior to World War II, he was a 
technical expert with the War Depart- 
ment specializing on radars and bombing 
devices. A graduate of New York Univer- 
| sity in 1938 with a science degree, Moritz 
is a member of the Institute of Radio En- 
gineers and the American Management 
| Association. 


The appointment of Richard H. Rudolph 
as Manager of Marketing has been an- 
nounced by Dr. C. Lester Hogan, General 
Manager of the Motorola Semiconductor 
Division. Rudolph will manage the di- 
vision’s rapidly growing marketing or- 
ganization, and direct all phases of the 
marketing program. To his new post, Ru- 
dolph brings a background of 18 years of 
diversified experience in both engineering 
‘and marketing positions. 


(Continued on page 60) 


Technical Staff Employment 


Pacific Semiconductors, Inc. 


10451 W. JEFFERSON BOULEVARD, CULVER CITY, CALIFORNIA 
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compact and lightweight. Has no moving 
parts. Several accessories are available: 
magnetic pick-ups, infra-red beam pick- 
ups, stylus pick-ups and pulse shaping 
pre-amplifiers which obtain operating 


power from the counter itself . . . no 
special power supplies are needed. 
Circle 156 on Reader Service Card 


Panel Mounted Power Supplies 


Nutron Manufacturing announces MVAU 
Series of regulated variable AC power 
supplies designed without moving parts, 
vacuum tubes and internal adjustments. 
The new units are useful in testing 
diodes, rectifiers, transformers, motors, 
chokes; for instrument calibration; regu- 
lated adjustable line source; over and 
under voltage testing; and as a constant 
voltage source for critical photometry 
applications. Models are available with 
VA ratings of 60 to 500 and from 3 
to 20 amps. 

Circle 200 on Reader Service Card 


Replacement Rectifiers 

General Electric has revised its line of 
snap-in germanium rectifiers for : the 
direct replacement of selenium rectifiers 
in television sets. One 400-milliampere 
halfwave rectifier 1N1008 and one 400- 
milliampere doubler rectifier 1N1016 re- 
place the entire line of five replacement 
types. Both deliver 400-milliampere D-C 
output current into a load at 70° C. or 158° 
F. and are rated at a peak inverse voltage 
of 380 volts and an RMS input voltage of 
130 volts. 

Circle 165 on Reader Service Card 


YOURS For inspiration, Know-wow 
AND NEW RADIO ELECTRONICS KNOWLEDGE 


Bigness has everything in the world to do with it when, 
each year, THE IRE NATIONAL CONVENTION and 
THE RADIO ENGINEERING SHOW is planned for you. 
Industries are only as big as you men who make them. And 
you have created a colossus that requires a Coliseum to 


show itself. 


Come to see, to hear and to learn. Whatever your special 
interests—equipment, component parts, instruments or pro- 
duction—these 800 exhibits representing 80% of your 
industry's productive capacity are an INSPIRATION IN 
RADIO ELECTRONICS that will take you further along 
your personal path of progress. 


THE IRE NATIONAL CONVENTION 
as nie 


Waldorf-Astoria Hote/ 


AND THE RADIO 
te ENGINEERING SHOW 


Coliseum, New York City 


MARCH 
23 - 24 
25 - 26 


THE INSTITUTE OF RADIO ENGINEERS 
1 East 79th Street, New York 21, N. Y, 
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Casting Resin 


Stycast TPM-4 produced by Emerson 


& Cuming, is curable in the range of 


400°F. to 500°F. It is a rigid, thermosetting — 


plastic and hexagonal steel bars have 
been embedded and _ shocked from 
+300°F. to —70°F. without failure. 
Shrinkage during cure is very low and 
thermal stability is continuous at 500°F. 
The curing schedule is long and slow but 
simple to accomplish even when large 
sharp-edged objects are embedded. Write 
for Technical Bulletin 7-2-1A. 
Circle 197 on Reader Service Card 


Zener Diode-Transistor Combo 


A new device combines in a single 
package a voltage reference (tempera- 
ture compensated zener diode) and an 
amplifying transistor. “Ref-Amp”  pro- 
vides a combined temperature coefficient 


as low as .002% per degree C over a 
temperature range of —55°C to + 100°C. 
Regulator circuits requiring 10 or more 
components, may now be designed with 
one transistor, one Ref-Amp, and four 
resistors. Write for bulletin TE-1352. 


Circle 167 on Reader Service Card 


30 VA To 300 VA Static Inverters 


These units, designed by Magnetic 
Amplifiers for aircraft and missile appli- 
cation, utilize transistor and magnetic 
amplifiers to convert 28V DC to 115V 400 
cps 1 phase or 3 phase. Voltage regula- 
tion +3% at zero to full load with input 
variations of 10%. Frequency output +2%. 
The line is extensive and covers other in- 
put voltages and output frequencies. 
ae temperature range —55°C to 


Circle 172 on Reader Service Card 
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PERSONNEL 
NOTES 


nan of the Board and President of Dy- 
Samics Corporation of America, suc- 
iizeding the late David T. Bonner, was 
wOnnounced recently. Vice President and 
mi Director of DCA since 1952, Mr. Kelley 
s/ras also elected Chairman of the Board 


‘oration and President of Waring Prod- 
» cts Corporation, both subsidiaries of Dy- 
kamics Corporation of America. 


sf The appointment of F. J. Van Poppelen 
ses Sales Manager of Motorola’s Semicon- 
huctor Division has been announced by 
r. C. Lester Hogan General Manager of 


@Aotorola from the General Electric Com- 
pany where he held the position of Dis- 
ict Sales Manager for the Semiconductor 
*)epartment in the New England District. 


» Four key appointments to handle Philco 
*-orporation’s increasing activities in the 
temiconductor field were announced by 
)Nilliam H. Forster, Director of Research 
‘or the Solid State Electronics Research 
)Jepartment. Dr. Charles H. Sutcliffe has 
@een named Manager of Component De- 
6velopment; Dr. James B. Angell, Manager 
Q of Circuit Research; Dr. Marvin E. Lasser, 
|Manager of Applied Physics Research and 
‘Mr. Edmundo Gonzalez-Correa as Man- 
ager of Research Planning. 


Bradley Semiconductor Corpv., of New 
Haven has named Edward C. Keough ap- 
§plications engineer, according to William 
J. Gagnon, sales manager. Mr. Keough 
»was formerly applications engineer with 
*the Burndy Corporation. He is a graduate 
welectrical engineer, lives at Stratford, 
'Conn., and has served as executive officer 
) of a local Reserve unit since active duty 
) with the U. S. Army Ordnance Corps. 


1 The appointment of Donald W. Moffett 

as manager of material for the Semicon- 
} ductor Division of Sylvania Electric Prod- 
) ucts Inc. has been announced by William 
| J. Pietenpol, divisional vice president and 
general manager. Mr. Moffett will be re- 
sponsible for the division’s production 
§ planning, purchasing, inventory control, 
| selection, finishing, and shipping activi- 
ties. He has been a consultant for these 
‘activities since joining the company in 
March. Formerly he was with H. B. May- 
nard and Co. Inc. 


Kenneth C. Moritz has been named 
Sales Manager of the Semiconductor Di- 
vision for Raytheon Manufacturing Com- 
pany. Prior to World War II, he was a 
' technical expert with the War Depart- 
ment specializing on radars and bombing 
devices. A graduate of New York Univer- 
sity in 1938 with a science degree, Moritz 
is a member of the Institute of Radio En- 

gineers and the American Management 
_ Association. 


The appointment of Richard H. Rudolph 
as Manager of Marketing has been an- 
nounced by Dr. C. Lester Hogan, General 
Manager of the Motorola Semiconductor 
Division. Rudolph will manage the di- 
vision’s rapidly growing marketing or- 
ganization, and direct all phases of the 
marketing program. To his new post, Ru- 
dolph brings a background of 18 years of 
diversified experience in both engineering 
‘and marketing positions. 


(Continued on page 60) 
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for maximum reliability 


KEEP 
TRANSISTORS 
COOL 


Keep transistors at or 
below maximum 
operating temperatures 
with these new 
Birtcher Transistor 
Radiators. Provides the 


transistor with its 

own heat sink and a 
greatly increased 
radiating surface. Easy 
to install in new or 
existing equipment. 
Modifications to fit 
hundreds of popularly 
used transistors. 


FOR CATALOG 
and 
test data 


neering | 
write: 
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e 

* FOR MOST JETEC 30 TRANSISTORS 
& 


(Jetec Outline TO-9) 


with NEW 

BIRTCHER 
TRANSISTOR 
RADIATORS 


THE BIRTCHER CORPORATION 


industrial division 
4371 Valley Blvd. Los Angeles 32, California 


Sales engineering representatives in principal cities. 
For further information circle No. 19 on Reader Service Card 


Technical Staff Employment 


Pacific Semiconductors, Inc. 


10451 W. JEFFERSON BOULEVARD, CULVER CITY, CALIFORNIA 


Opportunities 


iim Solid State 


Electronics 


Pacific Semiconductors, Inc., a subsidiary of the Thompson- 
Ramo-Wooldridge Corporation, has several excellent Tech- 
nical Staff opportunities as a result of the rapid expansion of 
its development programs on Very High Frequency and 
Very High Power Silicon transistors. We invite inquiries 
from Solid State Physicists and Engineers with experience 
in transistor development; mechanical engineers engaged in 
transistor package and manufacturing equipment develop- 
ment; and electrical engineers experienced in semiconductor 
device applications and test equipment development. 

If you have a B.S., M.S., or Ph.D. degree in physics or 
engineering, applicable experience, and are interested in the 
future of semiconductor electronics with a young, dynamic 
organization where resourcefulness and original thinking 
are both recognized and encouraged, write: 


For further information circle No. 20 on Reader Service Card 
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HIGH FREQUENCY 
INDUCTION 


HEATING 
UNITS 


The Lepel line of inducti 
heating equipment represents the : 
most advanced thought in the field of . 
electronics as well as the most practical and _ 
efficient source of heat yet developed for industrial 
heating. ‘ 

If you are interested in induction heating you are invited 
to send samples of the work with specifications. Our 
engineers will process and return the completed job with full 

data and recommendations without any cost or obligations. 


TYPICAL INDUCTION HEATING APPLICATIONS 
IN THE MANUFACTURE OF TRANSISTORS 


SOLDERING TRANSISTOR 
ASSEMBLIES 
BY INDUCTION: HEATING 


SINGLE CRYSTAL PULLER 


000 


con 


WICKEL SHELL 
GLASS INSULATOR 


General arrangement for pull- 
ing single crystals. Induction 
heating coil is shown surround: 
ing quartz tube containing 
solder to flow for permanent crucible with molten germa- 
seal! @ nium in suitable atmosphere. 

©8000 LOOOOOSHOOOOO SOOO OOO8HOOHOOOOOCE 


MULTIPLE ZONE REFINING 


Concentrator-type coil creates 
high intensity, restricted heat- 
ing at joint of nickel shell and 
tinned glass, thus causing 


Induction heating apparatus used in zone refining. The six 
coils shown provide simultaneous molten zones in the ingot 
as it passes through the tube containing the protective 
atmosphere. 


Electronic Tube Generators fon 1 kw to 100 kw. 
Spark Gap Converters from 2 kw to 30 kw. 


WRITE FOR THE NEW LEPEL CATALOG . . . 36 illustrated pages 
packed with valuable information. 


All Lepel equipment is cer- 
tified to comply with the 
requirements of the Feder- 


) al Communications Com- 


mission, 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


55th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY,.:N. ¥. 
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Industry News 


al in Leet tht it) 


Factory sales of transistors in September increased 20 | 
percent over August—a month in which such sales had | 


attained the highest level in the history of the transistor | 


industry—the Electronic Industries Association recently 
announced. Unit sales of transistors during the first nine 
months of this year exceeded by nearly two million the 
number of transistors sold during the entire calendar 
year 1957. Factory sales in September totaled 5,076,443 
with a dollar value of $10,811,412 compared with 4,226,616 
transistors valued at $9,975,935 sold in August and 3,231,- 
000 units valued at $6,993,000 sold in September a year 
ago. Cumulative sales during January-September, totaled 
30,397,277 valued at $70,230,195 compared with 17,842,300 
units with a dollar value of $49,056,000 sold during the 
corresponding nine-month period last year. Factory sales 


during calendar year 1957 totaled 28,738,000 units with a ~ 


dollar value of $69,739,000. 
The following EIA chart shows factory sales and the 


dollar value of transistors in September and the first nine — 


months of 1958: 


1958 Sales 1958 Sales 1957 Sales 
(units) (dollars) (units) 
January 2,955,247 $6,704,383 1,436,000 
February 3,106,708 6,806,562 1,785,300 — 
March 2,976,843 6,795,427 1,904,000 
April 2,856,234 7,025,547 1,774,000 
May 2,999,198 7,250,824 2,055,000 
June 3,558,094 8,232,343 2,245,000 
July 2,631,894 6,598,762 1,703,000 
August 4,226,616 9,975,935 2,709,000 
September 5,076,443 10,811,412 3,231,000 
TOTAL 30,387,277 $70,230,195 17,842,300 


What is claimed to be the largest industrial chemical 
research center in Maryland, and the State’s 100th indus- 
trial research facility was unveiled in Clarksville recently 
by the 104 year old W. R. Grace & Co. 

Located twenty-five miles north of the nation’s capital, 
the $5 million Washington Research Center, of the Grace 
Chemical Group brings together 250 scientists and tech- 
nicians formerly located in three different states. 

The new Center, which ranks fifth in size among all 
Maryland industrial research facilities, has been con- 
structed on a 150-acre plot of farmland that permits fu- 
ture expansion. The present two main buildings are the 
beginning of a research and development center that will 
eventually be four times its present size. 


The electronic action within a transistor was demon- 
strated in a Texas Instruments Incorporated exhibit 
which was held for public viewing at the New York Stock 
Exchange recently. The transistor display was one of 
several animated representations featured. It represented 
what is believed to be the first attempt to explain visually 
In a manner comprehensible to the general public the 
complex and intricate inner workings of the tiny device 
as it amplifies an electrical current. The exhibit model 
was 25,000 times larger than the actual transistor on 
Texas Instruments production lines from which it was 
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gied. Other displays illustrated the use of such other 
Belectronic products as telemetering, detection and 
lance, and navigation and control systems for guided 
gsiles; radar for airborne early warning defense, and 
fort and airways control; and sonar, radar and mag- 
ics systems for anti-submarine warfare. 


Wlicrowave Associates, Inc., recently announced con- 
waiction of a new wing to its plant at Northwest Indus- 
©1 Park at the junction of Routes 128 and 3 in Burling- 
1, Mass., and upon its completion in March will provide 
litional space of approximately 18,000 square feet 
Wich, added to the present plant completed in 1956, 
#1 total approximately 68,000 square feet. Expanded 
Wilities for engineering and production of microwave 


bes and semiconductors will be provided. 


#5prague Products Company, distributors’ division of 
®rague Electric, North Adams, Mass., celebrated its 25th 
Wniversary this past Fall. Sprague Electric, the parent 
@mpany was founded seven years earlier in 1926. Sprague 
Poducts’ initial success was based on its now famous “600 
fhe” Capacitors. Other developments followed in rapid 
#ccession. 

Sprague Products Company offices, now greatly en- 
§-ged, continue at Sprague Electric headquarters in North 
Hams, Mass. Harry Kalker still heads the division as 
‘les manager. Robert C. Sprague, Chairman-of-the- 
fard of the parent Sprague Electric Company, is a 
irmer president of EIA and is still a member of that 
ganizations’ board of directors. 


Construction of a new 90,000 square foot extension to 
local plant of the RCA Semiconductor and Materials 
Kivision was announced recently by Dr. Alan M. Glover, 
lice President and General Manager. The new structure 
been necessitated by the rapid expansion of RCA’s 
tivities in semiconductor products and the Division’s 
try into new fields including special components and 
Saterials. 


transistors, Inc., 150 Glen Cove Road, Carle Place, L. I. 
‘nd will be headed by Harold Sandler, President, Donald 
Yes Jardin, Vice President, Robert Ashley, Sales Man- 
ger and Randolph Bronson, Chief Engineer. 


| An ultrasonic machining service has been announced 
y Connecticut Instrument Corporation, Wilton, Con- 
Fecticut. Hard and brittle materials previously considered 
achinable, such as glass, ceramics, sapphire, quartz, 
arbide, germanium, and many others will be machined 
lo specification. Holes and cavities of nearly any shape 
Jan be produced with a high degree of precision by ultra- 
jonic machining. C.I.C.’s ultrasonic machining service 
sives the designer new latitude in his choice of materials 
nnd the amount and type of machining he requires. 


Zenith Optical Laboratory announces the expansion of 
ts Ultrasonic Drilling and Grinding Division at Great 
Neck Road, Copiague, New York. To meet the ever in- 
sreasing demands for irregular shaped holes in ceramics, 
zlass, ferrite, quartz, germanium and similar hard metals 
used by many Industries today, Zenith Optical has added 
new equipment and larger space to its present facilities. 
By using abrasives in liquid suspension, Zeniths’ Ultra- 
sonic tool is actually never in contact with the work, 
eliminating any heat being generated and thus preserving 
the internal grain structure of the material being “drilled.” 
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MAMMOTH Narda SonBias7er 


America’s first mass-produced 
industrial-size ultrasonic cleaner! 


SA VE 7 ways over costly solvent, 


alkaline or vapor degreasing: 


© Clean faster, speed production! © Cut rejects, eliminate 
bottlenecks! ¢ Save on chemicals & solvents! ¢ Eliminate 
expensive installation! ¢ Cut maintenance and downtime! 
® Save on floor space! @ Release iabor for other work! 


MAMMOTH 
5-GALLON 
TANK 


695 


2-year guarantee on all units. 


SPECIFICATIONS 
Interior Tank size (in.), TOW x 14L x 92H. Tank Capacity, 5 gallons. 


G-1501 generator, NT-1505 tank. 
Other models from $175. 


Submersible Transducers 
Model NT-604 — Hermetically sealed heli-arc welded stainless steel 
case. Radiating face: 27 sq. in. Effective plane of radiation: 40 to 50 
sq. in. (approx. 10” x 5”). Effective cavitation of volumes: up to 1200 
cu. in. at 24” tank height (5 gal.) and 2400 cu. in. at 48” tank height 
(10 gal.). Swagelok tube fitting om side or end for internal tank wiring. 


Model NT-605 — Same as NT-604 except for bulkhead fitting on back 
for external wiring. Eliminates electrical conduits in solutions. 


Now you can say goodbye to expensive chemicals, solvents, and 
degreasing equipment... reclaim valuable floor space... eliminate 
high installation costs...just by installing a Narda Series 1500 
SonBlaster. At the same time, you'll get better, faster cleaning, 
and you’ll need fewer people to do the job! 


Get the tremendous activity of the new 200-watt Narda SonBlaster, 
with the largest transducerized tank ever made, at the lowest price 
in the industry! Choose from transducerized tanks or submersible 
transducers for use in any arrangement in any shape tank you desire. 
Up to 4 submersible transducers can be easily operated from the 
same generator at one time; load selector switch provided — an exclu- 
sive Narda feature. 


Simply plug the SonBlaster into any 110-115 V AC line, and flip the 
switch. in seconds, you’ll clean ’most any mechanical, optical, electri- 
cal, medical or horological part or assembly you can think of. Perfect, 
too, for brightening, polishing, radioactive decontaminating, pickling, 
quenching and plating; emulsifying, mixing, sterilizing, impregnat- 
ing, degassing, and other chemical process applications. 


Mail the coupon for free help in determining the model that’s best 
for you. 


r The Narda Ultrasonics Corporation | 
The SonBlaster catalog | 118-160 Herricks Road 
line of ultrasonic cleaning | Mineola, L. I., New York | 
equipment ranges from 35 Department SP-6 
watts to 2.5 KW, and | Goiuemen: 
includes transducerized I Please send me more information I 
tanks as well as immersi- r Shout | 
ble transducers. If ultra- 
oe aiee can be applied to | {] Series 1500 SonBlasters | 
help improve your process, {] The complete Narda line l 
Narda will recommend the I 
finest, most dependable | Name | 
equipment available — and et | 
at the lowest price in the I Organization | 
industry! | Address. | 
| City. | 
| Zone____ Stat 


lt j 
Pe onc: 


625 MAIN STREET, WESTBURY, L.1., N.Y. 
Subsidiary of The Narda Microwave Corporation 
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Why semiconductor 


yield increases 


... With ALPHA UHP ultra 
high purity dot materials 


Conformity to dot dimension and weight re- 
quirements greatly affects alloy junction 
semiconductor yield. 

To insure conformity, ALPHA UHP* ul- 
tra high purity dot materials are subjected 
to the following controls: 


1. Rolling. Using elements as refined as 
99.999+ purity, ALPHA rolls the speci- 
fied metal to the required dimension. 

During rolling, continual checks are 
made with precision gauges. Constant 
and uniform thickness results: conformity 
to dimensional and weight requirements 
is assured! 

2. Punching. ALPHA dot materials are 
fabricated with special punches and dies. 
Specially designed, they control dot accu- 
racy. Carefully inspected before using, 
these punches and dies are reworked as 
necessary. This keeps them in perfect 
order, further safeguards the conformity 
of ALPHA dot materials to your specifi- 
cations! 

3. Spherizing. Exact classification tech- 
Miques and equipment unique with 
ALPHA metals help produce spheres 
whose dimensional accuracy is as close 
as +.0002”. In certain sizes, accuracy of 
+.0001” is attained. Sensitive balances 
and precision gauges Safeguard dimen- 
sional consistency! 

Throughout the fabricating cycle, ALPHA 
dot materials’ conformity to dimensional 
and weight requirements is maintained. Dot 
uniformity controls penetration, produces 
uniform junctions. You gain increased semi- 
conductor yield! 

FREE! Learn how ALPHA dot 

materials’ other properties, too, in- 

crease your semiconductor yield. 


For informative technical data, 
write today. > 


ALPHA mevats, inc. 


57A WATER ST., JERSEY CITY 4,N. J. 
HEnderson 4-6778 
In Chicago, Ill. 
ALPHA-LOY CORP. (Division of Alpha Metals) 
2250 S. Lumber St., Chicago 16, Ill. MOnroe 6-5280 


Other ALPHA Products ...Core & Solid Wire Solder 
Wide Range of Fluxes... Soft Solder Preforms 


*Trademark 
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[from page 57] 


Dr. Malcolm R. Currie, co-head of the 
electron dynamics department of Hughes 
Aircraft Company, Culver City, Calif., has 
been named the “outstanding young elec- 
trical engineer of 1958” by Eta Kappa Nu, 
national honor society. Dr. Currie, 31, won 
the award for his technical contributions 
in the field of low noise electron guns and 
backward wave oscillator development. 
Formal presentation of the award will be 
made in February at a New York meeting 
of the American Institute of Electrical 
Engineers. 


Alfred B. Rossip, formerly industrial 
sales manager at General Transistor Cor- 
poration, is now associated with Elec- 
tronic Fabricators, Inc. (EFCON), 682 
Broadway, New York 12, N.Y., as presi- 
dent of the organization. Mitchel Samuels 
has assumed the position of vice-president 
in charge of sales at EFCON. The com- 
pany is a prime source of precision film 
capacitors for high reliability applications. 


HIGH 
VOLTAGE REGULATED 
D-C SUPPLY 


A magnetically regulated d-c power 
supply capable of providing 2300 volts at 
15-50 milliamperes with %4% regulation 
has been developed at Bell Telephone 
Laboratories. This power supply was 
described at the National Electronics 
Conference in a paper prepared by W. J. 
McDaniel and T. L. Tanner. 

An outstanding feature of the power 
supply is the isolation of the control and 
output sensing circuits from the high 
voltage output. This is accomplished by 
placing the control element—a self-satu- 
rating magnetic amplifier—on the low 
voltage input side of the regulated supply 
and by adding an auxiliary winding for 
the output sensing. 

Ruggedness and reliability are assured 
by employing silicon rectifiers both in 
the high voltage output circuit and in 
the voltage reference circuit. A conven- 
tional voltage doubler serves as the high 
voltage rectifier, with sufficient capaci- 
tance employed in the filter to reduce 


HIGH VOLTAGE RECTIFIER & FILTER 
TI 


OUTPUT 


Eo + 2300V! 1/4 % 
(1S-50Ma) 


INPUT 
"5 VOLTS 


400 CPS 


SENSING AND CONTROL 


1 


oe ES a 2 ee ee 


a) 
ISMAGHEMIG SAMPUIRIER SS = ama sannraaae =! 


Schematic representation of 2300 volt 
magnetically regulated power supply 


developed at Bell Telephone Labora- 
tories. 


For transistor circuitry 


in servo-mechanisms, hearing 
aids, radios, telephones 


we High reliability guaranteed. 


p Large quantities used, with transistors, 
by leadivg manufacturers. { 


pw Some of the most Important prototypes: 
in use today are: 


NAE200e ake 237. +.340 ~—-.280 
F-02010) a ueeee 263 .410 .325 
AAT-408 ...... 307» 3.376 4) 2.325 
SM-400 ...... 400 .563  .485 
NA-2350. ...... ‘750m .750 
GEN-2020 ...... He” Vi a7 


we Immediate delivery from inventory COv- / 
ering wide range of impedance ratios ) 
in sub-miniature and super-sub-minia- : 
ture sizes. 

B& Prototypes—Designed or wound _ and: 


enclosed to specifications. . . . Deliy-~ 
ery within two weeks. j 


For further information and catalog 
call or write today ... 


Frank essler Co., Inc., 41-45 47th St 
LIC. 4, N.Y. + Tel; STillwell 4-026: 
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NEW : 
SEMICONDUCTOR 
DEVICE 


Halltron 


TYPE HS-51 


The HS-51 HALLTRON is based 
upon the Hall effect. Its output 
Characteristics are related to 
the product of the input cur- 
rent and magnetic field, hence 
are useful in many new ap- 
plications. The HS-51 HALL- 
TRON is a fully developed 
Production unit utilizing in- 
dium antimonide and is de- 
signed to work in the 
customer's magnetic cir- 
cuit. a 
Applications of the 
HS-51 HALLTRON 


Typical Room 
Temperature 
Characteristics 


Typical open- 
circuit Hall out- 
Put voltage of 


e oe er Ae HS-51 HALL- 
ers RON vs. mag- 
@ Magnetic field netic field siren 
measurement for various values 
e Computer of control current, le. 
applications 
®@ Control 
applications 
@ Gyrators 


® Circulators 
@ Power meters @ 
@ Transducers 


. 
MAGHENC FLD STeBWGTK, H. CLOGAUSS 


MICONDUCTORS, INC. 


- THIRD AVENUE, COLUMBUS 8, OHIO 
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MAORTH HILL’s nova cc. 


onstant Current 


pia to 30 amps 


1s b> Rapid manual or automatic switching 
to desired current levels. 


b> High accuracy and stability. 


b> Current can be electronically switched, 
pulsed, swept, modulated and programmed. 


sideal for Rapid Testing of: 
b> Semiconductors 
b> Electromagnetic Components 
b> Other Current-Sensitive Devices 


1 
i- 
dx 
1} 


© Model CG-1_ 1ma—600 ma 
@ Model CG-11 Transistorized .05 — 5 amps 
@ Model CG-12 Transistorized .5 — 30 amps 
! For further data, 
write for Bulletin E-1M 


NORTH HILLS ELECTRIC CO., INC. 


402 Sagamore Ave., Mineola, N.Y., Pl 7-0555 
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HINIATURE WELDERS 
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i 


= 


| 
| 
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Welding Head WHD 4A 
for small parts 
1 to 20 lbs pressure 
Typical uses: base leads, heat sinks, 
seal-off, tube parts. 


Welding Head WHD 5A 
for very small parts 
1 ounce to 3 Ibs press. 
Typical uses: whiskers, filaments, 
fine wires. 


Stored Energy Power Supplies 
3 to 100 watt-seconds capacity. AC 
Timer Supplies. Special Equipment for 
miniature welding. 


Submit parts for free sample welds and ask 
for data sheets. 


EWALD INSTRUMENTS 


Route 7K, KENT, Connecticut 
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the maximum RMS ripple to %% at 50 
milliamperes. The reference voltage is 
provided by a series chain of six 6-volt 
temperature compensated Zener diodes 
connected in a bridge circuit. 

Nominal input to the power supply is 
115 volts at 400 cycles. Output voltage is 
maintained to the desired accuracy with 
variations in line voltage from 105 to 130 
volts, with load current changes of 15 to 
50 ma, and over an ambient temperature 
range of —40° to +85°C. Over a restricted 
temperature range and with added re- 
finements, this circuit has regulation 
capabilities of +1/10%. Measured effi- 
ciency at full load is 82%. Both the step- 
up transformer and high-voltage capaci- 
tors are oil-filled. The magnetic amplifier 
is cast in silica-filled epoxy resin for 
environmental protection. 


NEW 
GOLD COATING 
PROCESS 


DOZEN semiconductor manufac- 

turers are reducing their finishing 

costs through the use of a new 
gold-coating process called “Atomex,” 
which requires no electricity. 

Military specifications for many tran- 
sistors call for a coating of 10 millionths 
of an inch of gold on the exterior of the 
assembly. These assemblies frequently 
consist of several segments which are 
electrically insulated from each other. 
If they are to be coated by conventional 
electroplating, these segments must be 
wired together temporarily to complete 
the plating circuit. 

Atomex, developed by the Chemical 
Division of Engelhard Industries, Inc., 
eliminates this problem because it pro- 
vides a satisfactory gold coating without 
current. The transistors are simply im- 
mersed in a bath, or tumbled in it. The 
process works by ionic displacement. At- 
tacked chemically, the base-metal sur- 
face (usually nickel or nickel-plated iron 
or Kovar) sheds atoms into the bath. 
These are replaced by atoms of gold from 
the bath. 

According to Engelhard, transistor 
manufacturers have discovered that the 
process also has these additional advan- 
tages over electroplating: 

1. The coating is denser, so that the 
same properties can be achieved with 
35 percent less gold. 

2. Since there can be no electrical 
shielding, there are no low- or high- 
density areas. All parts of the object, 
even blind recesses, receive a uniform 
deposit. 

3. The gold actually interlocks with 
the base metal, providing a much 
firmer bond. 

4. Analytical control of the bath is 
unnecessary because there is no free 
cyanide or carbonate buildup, Small 
operators no longer will have to hire 
consultants to check their baths 
periodically. 

5. All the gold in the bath can be used 
up. The spent solution is thrown away, 
rather than sent back to the manu- 
facturer for refining. 

The bath is prepared by simply mixing 
a 200ce unit of concentrate, containing 42 
oz. troy of fine gold, into a gallon of 
water. Any tank which wiil resist slightly 
acid or alkaline solutions can be used, 
including Tygon, Koroseal, polyvinyl, 

(Continued on page 63) 
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NEW 


Ne 


Transistor 
Analyzer 


Model 850 


Tests Transistors Under 
Circuit Use Conditions 


This low cost tester is reliable, easy 
to use and designed to provide accu- 
rate evaluations of a transistor to 
determine its ability to function under 
a specific circuit condition. The 850 
features a wide range of applied volt- 
ages available through use of the 
voltage control, and is an excellent 
'"tbhreadboard” for building up ampli- 
fiers, oscillators and a curve tracer. 
The panel selector quickly sets choice 
of circuit-use-condition to detect suit- 
ability of a transistor to operate from 
signal sources of varying imped- 
ances. This equipment will check the 
following parameters under any cir- 
cuit-use-condition selected by the 
operator: Collector leakage, C base or 
C emitter; beta (current) gain; alpha 
gain; input resistance; output resist- 
ance; power gain; linearity. 


Use of the 850 will quickly and effec- 
tively convey the full $ I 90 


understanding of a 
NET 
Now is the time fo... 


transistor’s function. 
TRADE UP TO A HICKOK 
Ask for a demonstration of the new 850 
from your Authorized Hickok Distributor. 


THE HICKOK ELECTRICAL INSTRUMENT CO. 


10514 Dupont Ave. @ Cleveland 8, Ohio 
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New Literature 


Catalog issued by Acme Electric Corp. 
lists specifications for six popular types 
of miniature and sub-miniature pulse 
transformers. Break-away drawings show 
how these transformers are constructed 
and indicate the comparative importance 
of the various types of materials used in 
the completed unit. A typical pulse shape 
is shown with annotations indicating all 
the factors which must be considered in 
the design to reproduce an input pulse 
with the best possible accuracy. 
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A new 48-page booklet, “Transistor 
Fundamentals and Applications,” contain- 
ing basic information on transistor theory 
and circuit applications has been pub- 
lished by RCA Semiconductor Products. 
Subjects covered in the 16-section booklet 
include: transistor physics; the p-n 
junction; p-n-p and n-p-n junction 
transistors; the point-contact transistor; 
transistor characteristics; types of transis- 
tors; transistor amplifiers; methods of 
coupling; gain controls; power amplifiers; 
oscillator circuits; power supplies; practi- 
cal transistor circuits; transistor compo- 
nents, and servicing transistor circuits. 
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A new supplement has been issued to 
owners of its Engineer’s Handbook by 
CBS-Hytron, tube and _ semiconductor 
division of Columbia Broadcasting Sys- 
tem, Inc. The 40-page supplement offers 
new and revised data for fourteen types 
as well as eight pages of new and revised 
curve sheets. An up-to-date table of con- 
tents lists more than 500 types now 
included in the handbook. 
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Allied Radio Corporation announces the 
publication of a Semi-Conductor Direc- 
tory, available to all transistor and diode 
users. The directory covers about 1,000 
transistors and diodes available from Al- 
lied’s stocks at OEM prices, and produced 
by 13 major manufacturers (Amperex, 
General Electric, Hoffman Electronics, 
Hughes Aircraft, International Rectifier, 
International Resistance, Motorola, Pacific 
Semiconductors, Philco, Raytheon, Radio 
Corp. of America, Sylvania, Texas Instru- 
ments). Each transistor, diode and recti- 
fier is listed by part number, name of 
manufacturer and OEM price in quan- 
tities up to 1,000 pieces. 
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Preree SEMICONDUCTOR RESISTIVITY TEST 

The “FOUR-POINT-PROBE” method — an 
exclusive feature of the BAIRD-ATOMIC 
Semiconductor Resistivity Test Set, Model JN 
— for precise resistivity (0.1 to 100 ohm- 


centimeters) tests, 
measure germanium 
Accuracy + 5% 


Extremely simple to operate. A reliable test 
set for both production quality control and 
R&D. The “FOUR-POINT-PROBE” can be 
adapted for silicon measurement as well. 


For complete information, ask for 
Tech Bul. TP-104 
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especially designed to 
samples. 


Baird -Atomic, Inc. 


33 UNIVERSITY RD, CAMBRIDGE 38 MASS 
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SEMICONDUCTOR Pp 


Calibrated 
Potentiometer 


Measurement 


Branson Ultrasonic News, a new house 
organ devoted to industrial technique; 
and applications of inaudible sound, j 
new available from Branson Ultrasoni 
Corporation. Drawing on twelve years 6 
experience in the use of high frequene: 
sound for gaging, cleaning and testing, 
Branson is issuing the “News” to ex. 
change information on the latest develop: 
ments in the field. Questions concerni 
ultrasonic equipment are invited and 
technical assistance is offered. ; 
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A 4 page catalog has been released by 
Microwave Development Laboratori 
which provides an up-to-date guide f 
the selection of precision cast Topwall 
Short Slot Hybrid Junctions. This catalog) 
also includes some interesting electric 
data and some common uses for the 
hybrid junctions. 
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St ole + 


Bulletin no. 213 issued by JFD Elec-: 
tronics describes the characteristics on 
their new distributed constant delay lines} 
and the models available from stock. a 
is also fully able to accommodate any 
particular delay network problems ee 
tributed constant or lumped constant) ~ 
not covered by current JFD models. i 
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Magnetic Amplifiers, Inc. has made 
available a four page and an eight page : 
color brochure to cover its complete line : 
of (non electronic) Variable Speed Drivew 
for Industrial Equipment motor control. ; 
Brochure #s-790 provides Specifications : 
and Engineering Data for drives from 14, | 
to 43 H.P. Practical control arrangements — 
for local, remote, reverse, and dynamic © 
braking operations are presented. In~ 
addition circuit description and sche-— 
matics are provided. j 
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pacar sy 


A 16-page two color illustrated brochure — 
describing the activities of W. R. Grace 
& Co.’s new Washington Research Center 
is available on request. , 

The brochure gives a brief background 
of the company from its origin in Peru 
in 1854 to its emergence as an important 
part of the U. S. chemical industry during , 
the past six years. 

Activities described include research © 
in the fields of catalysts, polymers organic — 
and inorganic chemistry, agriculture, 
process and product development, and 
research services. 
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A new 6-page brochure is available 
upon request, showing Conrad, Inc. walk- 
in environmental chambers for tempera- 
ture, altitude, and humidity. The bro- 
chure describes complete missile test 
facilities and components testing units. 
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ELECTRONICS CERAMICS | 
COMPANY i 


manufacturers of: 


I 

i 
| PREFORMS: GLASS preforms for Kovar | 
or compression sealing. | 
| 
| 
| 


a 
I | 


EPOXY preforms for ad- 
hesive bonding or en- | 
capsulation. 
CERAMIC preforms: Stea- | 
tite, refractory, alumina. 
| Let us know of your requirements. We tailor | 
make specific formulations as to color, ex- | 
| Pansion coefficients or special dimensional | 
shapes. 
] We can preform any material which is avail- I 
] able in powdered form. We guarantee our | 


brices to be the lowest j i 
PEoneat pece Dede west in the industry. | 
68 Rosehill Place I 
ee Irvington 11, N.J. { 
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ass, or plain uncoated stainless steel. 
‘AAtomex has a number of other uses in 
ctrical manufacture. It can be used to 
id-coat printed circuits in order to pro- 
ist the copperfoil from corrosion. Cir- 
its so treated retain their solderability 
&- 12 to 18 months under ordinary storage 
nditions. Because no electrical connec- 
ms are required, they can be coated 
ter etching. Other applications include 
‘ectrical plug connectors and radio 
q obs. 
In addition to nickel and Kovar, the 
ocess has been tested successfully on 
pper and copper-base alloys, cadmium, 
ne, monel, iron, Woods metal, nickel- 
iver 12%, type metal, steel, lead, tin- 
4se die-cast alloys, soft solder, pewter, 
Jumel, cobalt, and bismuth alloys. It 
ndoubtedly can be used on a number 
other alloys not tested, according to 
mgelhard Industries. Coatings up to 10 


millionths thick can be applied to most 
metals. 

The rate of deposition varies with the 
type of metal being plated and the tem- 
perature. For example, it takes about 
three minutes at 60°C to deposit 1 mg/in? 
on iron, die-cast metals, steel, or soft 
solder. At 90°C, it takes one-and-a-half 
minutes. In the case of copper and certain 
special alloys, the bath’s pH must be con- 
trolled by adding small amounts of am- 
monia as necessary. 

In general, objects to be plated are 
cleaned as if for electroplating. In the 
case of copper-printed circuit boards, 
however, it has been found that scrub- 
bing with wet pumice or proprietary 
cleansing powders is better than chemi- 
cal cleaning. 

A few millionths of gold is adequate to 
protect metal surfaces which are to be 
soldered. In some applications, the gold 
coat itself can be used as a solder be- 
tween such metals as tungsten and nickel. 


BOOK REVIEWS 


LE: Industrial Electronics Handbook 


\UTHORS: Staff of Specialists, Edited by 
Villiam D. Cockrell 


UBLISHER: McGraw Hill 1958 


Industrial Electronics Handbook is a 
nonumental collection of information, 
data, circuits, theory and current engi- 
heering practice in the field of applied 
blectronics for industry. Here may be 
found a collection of the works of many 
well qualified authors each treating his 
specific field of specialization. The book 
omits nuclear electronics and communi- 

tions, as such, however the scope of 

e material presented is quite compre- 
hensive. 

The first section titled “Fundamentals” 
is a thorough review of engineering 
mathematics and basic electrical theory 
together with a rather complete series 
of tables of integrals and physical con- 
‘stants. An excellent chapter on feedback 
control system theory may be found 
‘under the “Mathematics” heading. 
Section 2 deals with electrical and me- 
chanical control elements. Standards of 
reference and general principles of oper- 
ation of tubes, semiconductors, magnetic 
and mechanical devices are carefully 
treated. The chapter on transistors is 
surprisingly comprehensive with a good 
deal of information calculated to assist 
the design engineer. The treatment of 
magnetic amplifiers and mechanical con- 
trol elements is clear and descriptive. 

Sections 3, 4, and 5 deal with Power 
Supplies, Control Circuits and Circuit 
Applications. Here many circuits are 
presented together with a complete 
analysis of operation. The treatment of 
High Frequency Heating is especially 
good. 

The balance of the book, sections 0 
through 10, round out the general scope 
of the handbook. There are chapters on 
both Analog and Digital Computers, test 
procedures, new production techniques, 
general uses and military requirements 
in addition to a list of technical informa- 
tion sources. A very good concise index 
completes the work. 

Industrial Electronics Handbook is a 
complete, thorough library of informa- 
tion presenting a far more complete 
treatment of the subject material than is 
usually encountered in a book of this 
type. The handbook should provide a 


fund of information for the electronics 
engineer and is a worthwhile addition to 
any engineering library. 


TITLE: Dynamical Analogies 
AUTHOR: Harry F. Olson 


PUBLISHER: D. Van Nostrand 2nd Edi- 
tion 1958 


Dynamical Analogies as the name im- 
plies is a treatment of the solution of 
mechanical and acoustical problems by 
their electrical analogies. This book is 
exceptionally comprehensive, treating 
many machines and systems not pre- 
viously covered. 

The first two chapters deal with defini- 
tions and elements in the systems to be 
treated. A series of tables at the end of 
chapter two lists the various elements 
in the four systems in terms of their 
analogies. 

Chapters three and four explain the 
Electrical, Mechanical Rectilineal, Me- 
chanical Rotational and Acoustical sys- 
tems in terms’ of one, two and three 
degrees of freedom. Here may be found 
the analogies between Kirchhoffs Law 
and D’Alemberts principle, comparing 
the algebraic sum of electromotive forces 
around a closed circuit to the algebraic 
sum of the forces applied to a body 
(equal zero). A complete comparison of 
the equations of the four systems is made 
and the equations are shown to be similar 
and analogous. 

Chapters five, six and seven explore 
corrective networks, wave filters and 
transient response. Chapter eight is an 
especially interesting treatment of driv- 
ing systems. Here Dr. Olson reviews the 
classical moving coil or dynamic driving 
system in addition to imagnetostriction 
and piezoelectric driving systems. The 
balance of the book deals with various 
applications and_ specific machines in- 
cluding an excellent discussion of noise 
and distortion (Chapter 11) and a treat- 
ment of magnetic system analogies 
(Chapter 15). 

Dynamic Analogies is a thorough up- 
to-date treatment of many classical prob- 
lems by analogous systems and should be 
a valuable aid to engineers and scientists 
engaged in system analysis. 


Stephen E. Lipsky 
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| : If the cost of metal stampings and viel 


| forms figures in your profit picture, let 
us give you a quotation on your current . 
f components. Send us a sample or blue- bi ; 
print. . .. and discover how big savings | 
ki in time and production costs, big gains a 
in precision and uniformity are possible . 
| on small components, when Art Wire 
i tackles the job! . 


t 

i 

Our engineering staff, our production 
' Hf experience, and our modern high speed 
4 equipment are always at your disposal. | 
| Ml |f you wish to learn more about what a 
IE wide and versatile range of shapes and 
_ — parts we can produce for you—at lower _- 


i cost than you’d guess—just write for 


' @ our illustrated folder. 


29 Boyden Place, Newark 2, N. J. 
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REGATRAN TRANSISTORIZED 


REGULATED POWER SUPPLIES 


¢ short circuit proof 
*compact - reliable 


Compare the small size, light weight and absolute short circuit 
protection of a Regatran with any other transistorized power sup- 
ply. You'll find that Regatrans combine all the advantages of semi- 
conductor operation in one tough, power-packed package. 

And there are special features too . . . like remote sensing termi- 
nations, front panel calibration, vernier as well as main voltage 
control (on wide range models), and many others. Ask for a copy 
of Preliminary Bulletin T for a complete description of wide range 
and narrow range models . . . Regatrans like to be compared. 


WIDE RANGE MODELS 
DIMENSIONS 
D-C OUTPUT ODES. IN INCHES 


0-7 


8% 


APPROX. 
WEIGHT 
IN LBS. 


TO7-15 
TO7-5 
TO14-10 
TO14-5 
TO32-15 
TO32-5 
TO36-15 
TO36-5 
TO60-7.5 
TO60-2.5 


19 15 


NARROW RANGE MODELS 


Narrow range models covering most popular 
battery and dry cell voltages are available, 


BRIEF SPECIFICATIONS | 


REGULATION . . . 0.1% or 0.1 volt, no load to full load, 105 to 125-volt 


line. 
RIPPLE ... Less than 1 millivolt rms. 
CIRCUIT PROTECTION .. , Short circuit proof, 
OUTPUT POLARITY ... Positive, negative, or floating ground, 
REMOTE SENSING .. . Eliminates effect of voltage drop in power leads, 


ELECTRONIC MEASUREMENTS 
COMPANY O F RED BAN K 


EATONTOWN + NEW JERSEY 
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., In Performance 


Current Ratings—Amperes 


Peak |Max, Max. Recurrent 


Surge 
4MS Max. 


7.5 
ee, 


Dimensions 


., in Low Price 


research, engineering and production know-how have combined to develop 


the “utmost” in a small size, very low cost silicon rectifier with giant per- 


formance. If your problem is miniaturization, or cost, or tough application, Send for 
Design Note 
the solution is in the Tarzian F series. #31 


Sarkes Tarzian,inc., Rectifier Division 
DEPT. SP-1, 415 NORTH COLLEGE AVE., BLOOMINGTON, INDIANA 


IN CANADA: 700 WESTON RD., TORONTO 9, TEL. ROGER 2-7535 EXPORT: AD AURIEMA, INC., NEW YORK CITY 
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micro-alloy transistors from SPRA 


HIGH-SPEED, HIGH-GAIN 2N393 TRANSISTORS 


} 
i 


a 8 


SUE* | surface barrier trans 


for modern computer circuitry 


Type 2N393 Micro-Alloy Transistors combine high gain with ex- 
cellent high frequency response to meet demands of high-speed 
computer switching applications in the megacycle range. Low sat- 
uration resistance, low hole storage, and exceptionally good life 
characteristics make micro-alloy transistors top performers in gen- 
eral high frequency applications, as weil as computer circuits. 


D-C @ is remarkably linear up to ‘50 milliamperes collector current. 
The design of the 2N393 is particularly well adapted to direct-coupled 
logic circuitry. The polarities of the emitter and collector voltages 
are similar to those of PNP junction-type transistors. 


SH-GAIN 
¢ TRANSISTORS 


Both micro-alloy and surface barrier 
transistors are now being made in 
Sprague’s completely new semiconductor 
facility. Quantity orders for the popular 
types shown here are shipped promptly. 
Or get fast delivery on small quantities 


from your local Sprague Industrial Dis- 
tributor. 


For complete engineering data sheets 
of the types in which you are interested, 
write Technical Literature Section, 
Sprague Electric Co., 467 Marshall St., 
North Adams, Massachusetts. 


Sprague micro-alloy and surface barrier transistors are 
fully licensed under Philco patents. All Sprague and 


Philco transistors having the same type numbers are 
manufactured to the same specifications and are fully 
interchangeable. You have-two sources of supply when you 
use micro-alloy and surface barrier transistors! 


SPRAGUE COMPONENTS: | 

TRANSISTORS + RESISTORS « MAGNETIC COMPONENTS 
CAPACITORS « INTERFERENCE FILTERS PUESE NETWORKS. 
HIGH TEMPERATURE MAGNET WIRE ¢ PRINTED CIRCUITS. 


G 


2N393 
Min. Typ. 
40 | 60 


2N128 


MIL GENERAL PURPOSE 
(MIL-T-12679A) 


2N240/SB5122 


FOR COMPUTER 
SWITCHING 


2N344/SB101 


FOR MEDIUM GAIN 
AMPLIFIERS 


2N345/SB102 


FOR HIGH GAIN 
AMPLIFIERS 


2N346/SB103 


’ FOR HIGH FREQUENCY 
OSCILLATORS 


the mark of reliability 
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